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HUMAN pS51 GENES AND GENE PRODUCTS THEREOF

TECHNICAL FIELD

Thapresentinventionrelatestonovelnumangenes.
More particularly. the invention relates to a novel
human gene analogous to human p53 and human p73 genes,
which are known as tumor suppressSor genes., and the
corresponding gene product.

BACKGROUND ART

The p53 protein Was ai=z=covered as a nuclear protein
bpinding teo the large T antigen of the DNA tumor virus
sv40 and its gene (p53 gene) has been cloned. At First.
the p53 gene was considered to be an oncogene because
the transfer of this gene and the ras gene together into
ce}ls regulted in tranaformation of embryonal cells.
Later studies,., however, revealed that the initially
cloned p53 gene was a mutant type and that the wild type
rather suppressed the transforming activity of the
multant type. By now, deletions or anomalies in the p53
gene have been detected in many human cancens and a
gamate mutatiocon of the pS3 gene was also discovered in
Li-Fraumeni syndrome which is known to be a nereditary
disease with a high risk for malignant conversion.
Because of these and other findings, the p&i3 gene has

by now been considered to be an important suppressor



oncogene [Baker, S. J., et al., Science, 244, 217-221

{1989} : Nigre, J. M., Nature, 342, 705-708 (1989} ].

The human p53 protein consists of 383 amino acid
rasidues and ¢can be roughly dividec.l inte the N-terminal
domain (the 1~101st amino acid region}), the core domain
(the 102-~292nd amino acid region}, and the C-terminsal
domain (the 283~393rd amino acid region) . The NW-
tarminal domain contains sequences necessary for
transcriptional regulation, such as acidic amineo acids
and a high~preline region, and is considered to be a
tranascriptional activater domain. The central ¢ere
domain contains 32 hydrophobic sites and is a domain
asscciated with nuclecotide sequence-specific DHNHA
binding. The C-terminal demain contains many basic
amino acids and a sequence necessary for
tétramerization and is considered to bhe responsibhle for
reacognition of nonspecific DNA binding and DNA damage
and inhibkitioen of transformation.

Many of the p53 gene abnormalities detected in
human cancer cells are missense mutations and most of
them are ¢concentrated in the core domain corresponding
to the 100~300th amino acid seguance frem the N terminus,;
particularly in the region called "hot~spot" which has
heaen conserved among species. The hot-spot regien in

tha core domain i& the seguence associated with the
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bPinding between p53 protein and DNA and, actually,
mutation ©f this region results in the inhibition of
spacific binding toe DNA.

It becamae clear from the above that the p$3 protein
plays the role of a transcriptional contrel factor which
binds specifically to other genes to modulate
aexpression of the genes.

The gene whoese transcaription is induced by the p53
protein includes, ameong othere, the p2l1 gene [knewn as
WaAFl, CIPl, or SDIl (EX-Dairy, W. 8,, et al., Cell, 75,
817 (1993)); MDM2Z (Wu. X., et al., Genes Dev., 7, 1126
(1993)) ; MCK (Weintraub. H., et al., Proc¢. Watl. Acad.
Sci. USA, g8, 4570 (19¢91) : Zambetti. 6. P., et al., Genes
Dav., &, 1143 (19282))]. GADD4S [Kastan, M. B., et al.,
Cell, 71, 587 (1992)1, Cyclin G [Cyclin G: Okamoto, K.,
EMBO J., 13, 4816 (19984)], BAY [Mivashita, T., et al.,
Ceili, BOG, 293 (1895)], and insulin~-like growth
factor-binding protein 3 (IGF-BP3: Buckbinder, L., et
al., Nature, 377, 646 (19885)].

The protéin encoded by the p21 gene is an inhibitor
proetein for cycelin-dependent kinase (CDXK), and it has
been found that the wild type pb3 protein regulates the
cell cycle in an inhibitory way through p2l1l [Harper,
J. W., et al., Cell, 75, 805 (1993): Xioeng, Y., et al.,

Nature, 366, 707 (1993): Gu, Y., et al., Nature, 36§,



701 {1693)1]. Furthermore, the p21 gene reportedly
bindes te the proliferating ¢ell nuclear antigen (PCNA}
to diractly inhikit DNA replication [Waga, 8., et al.,
Nature, 365, 574 (1994 ]. In addition, the p21 gene has
been found to the same gaene as the SDI1 gene which induces
senescence of c¢ells teo inhibit DNA synthesis [Noda.,
A., et al., Exp. Cell Res., 211, S0 (1884)1.

MDMZ binds te the pS3 protein to inactivate the
transcriptional regulation activity of the gene protein,
leading to the putative conclusioen that MDM2 is acting
as a negative feedback regulating factoer.

IGF-BP3 is a negative regulating factor in IGF
signalization. Therefore, the increase of the IGF-BP3
gene hy the pS3 protein suggests the possible ocoutcome
that the pS3 protein induces suppression ef growth of

IGF-dependent cells.

Meanvhile, the wild type pS53 protein reportedly

induces apoptosgsis of myelocytic leukemia cells
[Yoenish-Reuach, E., et al., Nature, 352, 2345 (1991)1].
Induction of thymocyte apoptesis by irradiation does
not take place in pS53-defective mice {[(Laowe, S. W.,
Nature, 362, 847 (19963): Clarke, A. R., et al., Nature
362, 842 (19983)] and, in the crystalline lens, retina
and brain, the p53 protein induces apoptic death of

cells deprived of normal rxetinal bPlastema gene (RB gene)



activity [Pan, B.., and Griep, A. E., Genes Dev., B, 1285
({1994) : Morgenbesser, €. D., et al., Nature 374, 72
(1994} - Howes, K. A., Genaes Dev., 8, 1300 (1994) :

Symends, H., et al., Cell, 78, 703 (1994)]1. E. White

proposes that the pB&3 protein is useful for a
surveillance of RB gene mutatien and that the protein
is likely to induce apoptosis of the ¢ells in which a
RB gene mutation is involved [White, E., Nature, 371,
21 (1994} 1.

Furthermore, in the mouse erythroid leukemia cell
i1ine in which the temperature-sensitive p53 gene anly
is exprassed, a £3l1ll in temperature results in
reconversion of tha mutant p53 gene to the wild type
to induce apoptosis and the mutant p53 gene isolated
therefram imparts the ability to grow in soft agar
medium to a pS3-defective fibreobla=st line (impart
anchorage independence) [Xu et al., dJpn, J. Cancer Res.
g6: 284-291 (1285) Kateo et al., Int. J. oncal. 9:
269-277%1 .

BAX is able to bind to bel—-2, whieh is an inhibkbitorxr
of apoptesis, and encouratges apoptiec cell death
[oltvai, 2. M., et al., Cel1, 24, 609 {19931 1. The
inarease in the BAX gene and decrease in becl-2 by the
p53 protein are involved in the apoptosis of the mouse

leukemia call line Ml {Mivashita, T., et al., Oncogene,
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8, 1789 (1994)] and Fas, which is one of the signal
transducers for apoptosis, is increased in noenh-
small~cell lung cancer and erythroleukemia {[Owen-—

Schaub, L. B., et al., Mol. Cell Biol., 15, 3032 (1985} ].

The many investigations referred to above have
raevealed that the pS3 protein either activates or
repregses the transcription of various genes not
limited to the p2l1 gene. Moreover, even the mutant p53
protein defected in the transcriptional regulating
function is capakle of interacting with other
intracellular proteins to transmit signals and
discharge a DNA damage repairing function.

among the funcetions of the p53 protein which have
so far been identified are a transcriptioen regulating
function, a signal transducer functian‘through binding
to other intracellular proteins, a constituent element
of a protein complex related t¢ DNA replication, a DNA
binding function, and exonuclease activity, and it is
conjectured to be the result of a compound interplay
of these functions that causes the arrest of the cell
cycle in e¢ells, induction of apoptes=sis, DNA repair,
regulation of DNA replication, and inducticn of
differentiation.

Furtharmeore, it is not true that the functicens of

the P53 protein are expreaessed only in the event of a



gene damage but it is reported that when the living
tissue is=s subjected to various stresses such as viral
infection, cytokine stimulatiocon, hypeoxia, a change in
the nuclectide pool, drug-induced metakolic
abnermality, ete., the stimuli triggexr guantitative or
gqualitative changes in the p53 protein. The p53 protein
subjected to the quantitative or qualitative regulation
expresses its funections, such as sigral transduction
through interactions with other proteins and ceontrel
of the transcription of other gemes, to requlate the
replication of DNA in ecells of the living tissue
subjected to kiological stressesr repair the cells by
suspending the cell cyc¢le, eliminate cells by way of
apoptosis, or promote the differentiation of cells,
thereky contributing to the protection of the living
tissue against the stresses [Ganman, ¢. E., et al.,
Genes Dev., 8, 600-611 (19295%): Graecber, T. G., et al.,
Nature, 279, 88-91 (1996): Linke, S.P., et al., Genes
Dev., 10, 934-947 (l1l¥86): Xiang, H., et al., J.
Neurogci., 16, 6753-6765 (199e€)].

In view of the exizstéence of ps3 gene mutations in
a half of human tumors, c¢linical applicatien of the pb3
gene and its preduct protein tae the diagnesis and
therapy «f tumors has been a subject of study in recent

years. Tha mathoed of detecting tumer cells invading the



lymph node or body fluid by carrying out a PCR using
primers specifically recognizing the mutation site of
the p83 gene can be an effective diagnoestic technique
for estimating the scope of tumecr invasion or predicting
sn recurrence of the tumor [Hayashi, H., =t al., Lancet,
345, 1257-3259% (1985)1].

Furthermere, taking advantage of the
apoeptosis—~inducing activity of the p532 protein, a gene
ther‘apy comprising introdycing a wild type p53 gene intoe
the tumor cell by means of a virus vecteor i= being
practiced in the United States and its affactiveness
has been repocrted [Roth, J. A., et al., Nature Med.,
2, 885-991 (1996)1]. Recently, in Japan, tec, this gene
therapy has been started in several locations.

Maeanwhile, more than the majority of human tumors
are not associated with p53 gene mutation and, £from this
fact, the possgibility of existence af ather
tumorigenesis-inhibitorxry proteins analogous to the p&3
protein has been pointed ocut.

The inventors of the present invention previously
found that a pbh3 gene mutation cannot be a useful
premonitexy indicateor of mon-Hodgkin's l1ymphoma (NHL) .

Recently, a novel gene, named p73, which has high
hemology to said pS53 gene has been identified [Kaghad,

M., et al., Cell, 90, 809-819 (1997)1]. According te the



information available to the present inventors, the p73
protein shows 28$% homoloéy to the human p53 protein in
the transcriptianal activator domain (the 1st~45th

amino acid region). Moreover, this p73 protein has a
homolagy ¢f 63% in the DNA binding domain (the 1l13rd
~ 290th aminoe acid region) having 6 ccocmplementary

conserved sequencéas called hot spots of mutatioen; and
a haomolaogy aof 368% in the ocligemerization domain (the
219th ~ 363rd amino acid regicn). With regard to the
C—terminaldemain,hawefer,nosignificanthomologyhas
been recognized between p73 protein and p53 protein.

It is reported that excessive expression of the
73 protein inhikits the growth of 2 neurcblastoma cell
line and SAQSZ cells (an osteosarcoma c¢ell line) and
that a transient expression of the p73 protein promotes
the apoptosis of SAOS2 cells and baby hamster's kidney
cells [Bruce Clurman and Mark Groudine, Nature, 389,
122-1223 (1997): Christine, A., et al., Nature, 389,
191-194 (1997)1].

However, the p73 protein is somewhat different
from the p53 preotein in that the former is expressed
only at low levels in normal tissues. Moreover, the p73
pretein is different from the pbt3 protein in that the
expression of the former protein in a neurcoblastoma cell

line is not induced by UV irradiation oxr a low dose of
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actinomycin D.

Therefore, 1t ig not true that the p73 protein has
the exactly the same funcotionsg as those of the p53
protein and, at the present, muoch depends on further
research. There is5 & report arguing that, based on the
observations so far made., this p73 may be categorized
as a putative tumor suppressive factor in
neurcobhlastoma.

The present invention has for ite object to provide
information on a novel gene and gene product related
to the morphogenesis of human tumorsg. More
particularly., the object of the present invention is
to pravide a novel géne analogous to the p53 gene which,
as mentioned ahove, 1isg already known as a tumorx
suppressor gene and the corresponding gene product.

It i a further aobject of the present invention
to provide primers and probes each ¢omprising a partial
DNA of said gene, vectors harboring said gene.
tranaformants as transformed using any of said vectors,
and a method of producing said gene product which
comprises growing any of =aid transformants.

BRIEF _DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram illustrating features of the

structural domains of the p51A protein, along with thosze

of the p53 protein and p73 8 protein. In the diagram,
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nTA" represents a transcriptional activator domain;
"DNA binding?' represents a DNA binding domain: and
roligo" repreaesents an cligomerization domain.

Fig. 2 is a diagram showing the homelogy
relationship of the amino acid sequence encoded by the
human pS1A gane, the amino acid sequence of the p53
praetein, and the amino acid sequence ¢f the p73p protein.
The amino acids which are common amohng the three
gequences are indicated in blocks.

Fig- 3 is a diagram showing the homology
relationship ¢f the amine acid seguence encoded by the
human pS1B gene and the amine acid sequence of the p73a

protein. The amino adide which are common to bath

sequences are indicated in bklocks.
Fig. 4 is a schematic diagram comparing the
etructura of the alternative splicing variant (pSlsa,

p51i8) of the phl protein with the structure of the

alternative splicing variant (p73a, p738) of the p73
protein. .

Fig. 5 is a photegraph, in lieu of a drawing, which
sehows the pattern ¢of expraession of pSImRNA in various
human tissues as a Nerthern bletting (using a
Clonatach's filter) electrophoretogram. The lanes
represent the results for 1: heart, 2: brain, 3:

placenta, 4: lung, 5: liver, 6: skeletal muscle, 7:
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spleen. 8: pancreasg, regpectively.

Fig. 6 is a photograypyh, in 1ieu of a drawing. which
shows the pattern of expression of pS1ImRNA in various
human tigssues as a Northern blotting {using a filter
praepared by using the RNA purchased from Clontech)
electrophoretogram. The lanes represent the results
for 1: mammary gland, 2: prostate, 3: salivary gland.
4: stomach, 5: thymug, 6: thyroid, 7: trachea. and 8&:
uterua, respectively.

Fig. 7 15 a photograph, in lieu of a drawing. which
shows the anti-colony forming activity of the pS51A gene.
More specifically., it is a photograph, in lieu af a
drawing, which shows in comparison the anti-coleny
forming activities of the cells transformed with the
p51a expression plasmid (p51A), pS3 expression plasmid
(p53), HA-tagged pS1A expression plasmid (HApS1A)., and
veotor (RcCMV) alone, respectively.

Fig. 8 is a schematic diagram showing the reporter
constructs used in Experimental Example 2. In the
diagram, “"WAF-1 promoter luc" represents a wild type
P21WAFl promoter construct with two p53 regulating
elements retained; "del 1" represents a similar
construct in which one upstream element has been
deleted; and "del 2" represents a construct in which

both elements have been deleted.
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Fig. % is a diagram showing the transactivaticn
activity found in the transfer of the p%l1A expression
plasmid (p51lA), p5E3 expression plasmid (p53) or control
vector (Re/CMV) harboring the various reporter
constructs shown in Fig. 8 intoc SACS82 cells [e¢f
Expearimental Example 2].

Fig. 10 is a diagram showing the transactivatien
activity found in the transfer of the pS1lA expressicn
plaamid (p51a), HA-labeled pbla expression plasmid
(HApS51A), p53 expression plasmid (p53) or contrel
vector (Re/CMV) harbaearing the PGC reportex construct,
whose p53 response has been experimentally damonstrated,
inte 8A0S2 cells [«¢f Experimental Example 2].

Fig. 11 is a phetograph (an ethidium bromide-
stained agarose gel electrophoretegram}, in lieu of =a

drawing, which shows the results ef DNA fragmentation

assays performed with 1Cl and 4B1 cells containing the
‘human pElA gene and 1-2-3 cells not containing the pSia
gene as grown at different temperatures of 32°C and
37°cC.

In the diagram, the "1l-2-3 cells" represents
contrel cells inte which the vector only has keen
introducad and net containing the p51a gene and the v1c1
cells" ar “4Bl cells" represents the pSlA-containing

1-2~-3 ¢ells as transformed with the expressicon vector
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harboring the p5lA gene (pRCCMV/p51A). The " A /Hind
III™ repregents digestion products as digested with the
A phage DNA raestriction enzyme Hind IIXI and are DNA gize
markers (product of New England Biolabs. Ind.) - The
"100 bp ladder® represents size markers comprising DN2
fragments having =sizes corresponding to multiplea of
100 bp (product af GIBCO-BRL).

Figs. 12~14 show a diagram compaxing the
nucleotide seguence (bottom row) of the coding reglon
of the human p51B gene With the corresponding segquence
(upper row) of the mouse homolog (mouse p518 gene). The
nucleotidas ¢common between the two sSeguences axe
indicated by the asterisk mark in the diagram.

Fig. 15 is a diagram comparing the amino acid
sequences of the human pS51BE protein and mouse pSslB
protein encoded by the human p51B gemae and mouse pSle
genes. both =shown in Figs. 12~14, respectively. The
amine acids common to both segquences are indicated by
the asterisk mark in the diagram.

DISCLOSURE OF JINVENTION

Since more than the majority of human tumor tissues
have multants of the p§3 gene which is an oncogene
suppressor gene as mentioned above,., the poasibillity has
been suggested of the existence of othexr gene products

(proteins) than the p53 protein which are discharging
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the tumorigenesi=s—inhibiting function.

Therefore, the inventors of the present invention
did intensive investigations in search for novel genes
and gene products which might be asscociated with saia
tumarigenesis-inhibkiting function. As a result, they
discovered a novel human-derived gene coding for a
protein shoewing activity similar t¢ that of said ps&3
protein and confirmed that the particular geane or gene
praduct is significantly asscciated with apoptosis.
The present invention hasg ites basis in this new finding.

The present invention, therefore, is directed to
.t:.he following human p51 genes 1~8 and the related genes.

1. A gene coding for the following protein (&)
or (b):
(a) a pretein having the amine acid sequence shown undear
SEQ ID NO: 1
(k) a protein having ah amine acid sequence derivad from
the aminoe acid sequence shown under S8EQ ID KOo:1 by
deletion, substitution or addition of one ox a plurality
of amine acids and having pS51 activity.

2. A gene compri=sing the following DNA (a) or
(b) :
{(a) a DNA& having a nucleoctide sequence identified by
the nucleotide numbers 145~1488 of the nucleoctide

sequence Shown under SEQ ID NO:2
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() a DNA ¢apable of bybridizing with the DNA having
a nucleotide sequence identified by the nucleotide
numbers 145-1488 of the nucleotide sequence shown under
SEQ ID N0O:2 under stringent conditions and c¢oding for
a protein having p51 activity.

3. A gene as defined in paragraph 2 which has
the puodleocotide sequence shown under SEQ ID NO:2.,

4. A cDNA comprising the following DNA (a) or
(B):

(a) a DNA having a nuclecotide sequence identified by
the nucleoctide numbers 145-1488 of the nucleotide
seguence shown under SEQ ID NO:2

{b) a DNA capable of hybridizing with a DNA having =a
nucleotide seguence identified by the nuclecotide
numbers 145~1488 aof the nucleotide sequeﬁce of SEQ ID
NO:2 under stringent condltions and coding for a protein
having pSl1l activity.

5. A DNA characterized in that it is capable of
hybridizing with the nucleotide sequence of SEQ ID NO:=2
under stringent conditionse.

6. A DNA characterized in that i1t is capable of
the hybridizing with a nucleotide sequence identified
by the nuclectide numbers 145~1488 of SEQ YO NO:=:2 underx
stringent conditione.

7. The PNA defined in paragraph 5 for use as a
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primex.
8. The DNA defined in paragraph 5 for use as a
probe.

The present invention is fuither directed to the
following human pS5S1 proteins 9-14 and the related
proteins oxr peptidas.

9. A protein defined under (a) or (b) below:
(2a) a protein having the amino acid sequence shown andar
QEQ ID NO:1
() a protein having an amino acid segquence derived £rom
the amino acid sequence of SEQ ID NO:1 by deletion,
substitution or addition of one or a plurality of aminao
acids and baving pS51l aoctivity.

0. & protein as defined in paragraph 9 at least
containing the amino acld sequences identified by the
amino acid numbers 1-5%, amino acid numbers 142~321,
and amino acid numbers 359-297 of the amino acid
sequence shown under SEQ ID NO:l.

11, A polypeptide having an aminoe acid sequence,
in SEQ ID NO:1, which has at least one function selected
from the groap consisting of transoeriptional activation
function, DNA binding function and vligomerization
functiaon.

12 . A polypeptide as defined under (a) ar (h}

below:
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(a) a pelypeptide having an amine acid sequence
identified by the amine acid numbers 1~5% of SEQ ID NO:1
(b) a polypeptide having an amino acid sequence derived
from the amino acid sequence defined under (a) by
deletion, substitution or addition of one ¢x a plurality
of amine acidg and having a transcyiptional activation
function.
13. & polypeptide as defined under (a) or (b}
below:
(a) a polypeptide having an amino acid sequence
identified by the amino acid numbers 142~321 of SEQ ID
NO:1
(k) a polypeptide having an amino acid sequence derived
from the amineo acid seguence defined under (a) by
deletion, substitution or addition of one or a plurality
of amino acids and having a DN2a binding function.
14. A polypeptide ags defined under (a) eor (b}
below:
(a) a polypeptide having an amino acid sequence
jdentified by the amine acid numbkers 2359~397 of SEQ ID
NG: 1
{b) a pelypeptide having an amino acid seguence derived
from the amino acid sequence defimed under (a} by
delation, substitution or addition of one or a plurality

of amino acids and having an oligomerization function.
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The present invention is further directed to a
wvaector harboring said p51 gene, host ¢ells transformed
with said vector, and a method of producing the p51
protein characterized by growing said host cells in a
medium and harvesting the protein £from the resulting
cultuore.

It should be undexrstood that the designation of
p51 is used only for.convenience's sake in this
apecification and is by no means definitive of the gene
and gene product (protein) of the present ianvention.

Furthermore., tha term "gene (DNA)" in the context
of the present inventlion means not only a double-
gtranded DNA but also a single-stranded DRA, inclusive
of the component sense chain and antisense chain, and
is by no means limitative of its length. Therefore,
unless otherwise indicated, the gene (DPRNA) of the
present invention includes the double-stranded ONA
inclusive of human genomic DNA, a single-stranded DNRA
comprising the oDRA (sense chain). a single-stranded
DNA having a seguence complementary tou said sense chain
(antisense chain), and all fragments thereof.

The representation of amino acids. peptides,
nucleotide seguences, nucleic acids., etc. by
abbrevations in this specification confirm=s to the

recommendations by IUPAC-IUB, the "Guidelines for
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Preparation of Specifications Etc¢. which contain
Nuclaectide Seguences or Amine Acid S8eguences" (the
Japanese, United States of America and European Trinity
Patent Office), and the ceonventions in the use of
symbels in the related field of art.

(1} The pS51 gene and its equivalent

The present invention relates to novel human genes
ceding for proteins having actions <or functioens
identical or eqgquivalent to the actions or functions of
the p53 protein.

The genea according teo the present invention has
been acquired by carrying out a PCR using primers newly
establiszhed after energetic explorations using
spaecific regions selected from the sequences of the
hitherto—-known p53 gene and p73 gene with judiciocus
endeavors.

More particularly, by carrying out a PCR using the
novel primers described in Examples which appear
hereinafter, a gaene fragment which is not identical but
similar to the p52 gene and p73 gene was cbtained. By
using this=s DNA fragment ag a probe, a cDNA clone ¢oding
for .a novel protein having high homology te the amino
acid sequence of p53 protein was successfully isclated
from among cDNA clones randemly selected frem a human

skeletal muscle cDNA library.
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The calculated molecular mass of the amino acid
sequence deducted from the cDNA thus obtained was abeut
50,894 Da and, therefore, the present inventors named
this eDNA (DPNA) "human p5la gene (or briefly, pSia
gene) ¥ and the protein having the amine acid sequence
eancoded by this gene "p51A protein (or briefly, pSia
protein)* for convenience's sake.

Suhsequentresearchrevealedthatthegeneencoded
by the p51 c¢DNA clone has alternative splicing variants.
Moreover, an investigation of the pattern of expression
and proeduction of the transcripts of the gene in various
human tissues revealed that the expresgsion products
{proteins) exist as spliced chiefly in a short form and
a long form.

EBEased on the amino acid information deduced from
the p51 ¢DNA splicing variants, the shot-form splicing

variant is the gene (p51A gene) coding for the protein

having said 448 amino acid sequence (moclecular mass ca
$0.9 kpa) and the long-form splicing variant i= a genea
coding for a protein having a 641 aminae acid Sequence
(molecular mass c¢a 71.9 kDa) . In this specificaticen,
for convenience's sakea, the latter gene is calied "human
rE5l1B gene (or briefly, pSiB gene)" and the protein

having the amine aecid sequence encoded by said gene

"human pS51IB protein (or briefly, pElB protein)?,.
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Furthermore, in this specification, said p5lA gene
and p51B gene are collectively referred te as "p51 genen
and the p51A pretein and p51B protein are collectively
referred to as "pbl protein®.

Referring teo said esplicing variant of the p51 gene,
the existence of a plurality of variants inclusive of
the gene defective aof a part of the TA domain have been
confirmed.

An investigaticn of the expression products of
these p51 genes raevealed that the p51 gene product (ps51
protein) of the presant invention shows transcriptional
activation activity, ¢e@ll growth-inhibkitory activity
and apoptosis-induecing activity which are similar to
the activities of the pb63 protein. Furthermore, the
expression of the pEl gene in human tissues was found
to be more tissue-spacific than the expression of tha
P53 gene and, compared with the expression of the p73
gene which ig also tissue-specific, was broader in
tissue distribution although there was an overlap of
expresesion pattern between them. Moreover, tha
mutation of the pbl gene was found in the human tumor
tissues or tumor <cell lines.

The abeve findings suggested strongly that the
human p51 gene of the present invention is a new member

of the p53 tumor suppressor gene family.



23

As a specific example of the p51 gene accarding
ta the present invention, there ean bea mentioned one
having the DNA sequence possessed by the clones (pS51ia,
pSlB)dascribedezExampleJ.whichappearshereinafter.

As the gene possessed by the p51Aa clene, there can
be mentioned the gene (1244 nucleoctides}) agoding for the
448-residue protein of SEQ ID NO:1 in the SEQUENCE
LISTING which appears hereinafter, Specifically, this
is a gene having the nucleoctide sequence corresponding
to the 145th ~ 1488¢th nuclectides of SEQ ID NQ:2, which
coerrespends te an open reading frame.

The full-length nucleotide sequence of the pE1Aa
€DNA consists of 2816 nuclectides as shown in SEQ ID
NO:2. The p51A gene of the present invention inceludes
genes containing this nuclecotide sequence shown undear
SEQ ID NOQ:2. In the nucleotide sequence shown under SEQ
ID NO:2, the initiation codon (ATGE} is situated in the
145~147 nucleotide position and the pPolyvadenylation
signal (AATAA) is situated in the 2786-~2791 pesition.

The amine acid sequence of the 448-residue PS1A
Protein encoded by the pS51a gene is shown under SEQ ID
Nos1. As shown, this protein has a transcriptional
activation domain corresponding te tha amino acid
numbers 1~5¢, a DNA binding domain coerresponding to the

amino acid numbers 142-~321, and an cligomerization
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demain corresponding to the aminoe acid numbers 353~397.,
The homelegy of each of said domains of the psi1ia
protein to the corresponding daeamain eof the known
proteins p53 or p73 was investigated with FASTA Program
using the GCE software (Wisconsin Sequencing FPackage,
Genetics Computer Group) [Person, W. R. and Lipman, D.
J., Proca. Natl. Acad. Se¢i . Uu.s.A., 85, 1435-1441 (1988)].
The results are shown in Table 1 (cf. Figs. 1 and 2).
For reference, the homologies betweaen P53 protein and
P73p protein as datermined by the same method are alsa

shown in Table 1.

Table 1
Full-length | Pranscription | DNA binding | Oligomeriza—
segquence activation demain tien domain
domain )
PS1laopE3 368 224§ 60% 37%
P51AcGP73p 42% 30% 874 65%
P53 «p73 28% i 27% 63% 83%

Oon the other hand, as the gene possessed by the

pPS51R clone, there can be mentienaed a gene (1923
nualeoctides) coding for the 641-residue protein shown
undeyr SEQ ID NHO:4 in the SEQUENCE LISTING given
hereinafter. Specifically, this is a gene having the
nuclecotide zequence identified by the nucleotide
numbers 145~2067 of SEQ ID N0O:5, which corresponds to
an open reading frame.

The full-length nucleotide sequence of this pS51B
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cDNA consists of 2270 nucleoctides as shown under SEQ
ID NO:5. The p&lB gane according to the present
invention includes genes containing the nucleotide
sequenace shown under 8S8EQ ID NO:5.

The amince acid sequence of the 64l-regidue pELEB
preoetein enceoded by the pS1lR gene is shown under SEQ ID
NO:4. This protein has a transcriptienal activation
domain correspending to the amino acid numbers 1-~59,
a DNA binding domain corresponding to the amino acid
numbers 142~3221, and an cligomerization domain
corresonding teo the aminog acid numbers 353~397. In
addition, there iz an additional sequence (SAM domain)
in the €~terminal region, althcugh the ecorresponding
amine acid numbers cannot be identified. In this
gepecification, the region of amine acid numbers 353~641
inelusive of this 8SaM domain is regarded as an
aligomerization deoemainn in a broad sense.

As in the case of the p&lA protein, the homelegy
of the amino ac¢id sequence of each of said domains aof
the p51B protein toe the sequence of the corresponding
domain of the known protein p73a was investigated with
FASTA PROGRAM using GCG saftware. The results are shown
in Fig. 3. In Fig. 3, the kboxed parts are amino acid
seguences commoen to the pS1lE protein and p73a protein.

It is, therefore, clear that the amine acid sequence
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of the pS1B protein according to thae present invention
is hemelegeous to the sequence of the p73a protein over
a broad rande.

Thus, the pb5l gene acdcording to the present
invention includes a human pS1A gene having a nuclectide
sequence coding for a protein having the amino acid
cequence shown under SEQ ID NO:1 and a2 human p51B gene
having a nuclectide sequence coding for a protein having
the amino acid geguence shown under SEQ ID NO:4.
Hovever, the pSl1l gene of the invention is not limited
to those genes but includes all homelogs of those human
p51 genes.

The term "homoleoeg of human pS51l gene” means any
member of a group of interrelated genes which are
analogous to said pSlA gene or pbElB gene in the
nuclectide sequence and/or structural features and gene
expraession pattern or amanalocgous to each other in the
bioleogical functions of their own and gene products
(proteins) and, as such, may be regarded as constituting
one gene family. In this sensa, splicing variants and
alleles of the human pS51 gene are, of course, subsumed
in the concept of said "haomelog™.

As an example af said homelog, there can be
mentioned a gene which codes for a protein having an

amine acid sequence resulting from the mutation or
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modification of one or a plurality of sites of the amino
acid seguence shown under SEQ ID NO:1 and having actions
or functions similar te these of said pS1A protein
having the amino acid sequence shown under SEQ ID NO:1.
The preferred is a gene coding for an amine acid sequenca
retaining at least a given degree of hoemology to the
aminoe acid sequence shown under SEQ ID No:1.

The degree of homology in amincec acid sequence may
generally be not less than about 45%, preferably not
less than about 50%, in terms of the full-length
sequence as determined with FASTA PROGRAM using said
GCG acftware. Preferably, the homology should be not
less than a given wvalue in at least one of the
transcriptional activation domain, DNA kinding domain
and oligomerization domain. For example, the homology
in the transcriptional activation demain may ke abkout
35% or higher, preferably not less than 45%, the
homology in the DNA binding domain may be 88% or higher,
preferably not less than about 20%, and the homolagy
in the cligomerization domain may be akeut 70% oxr higher,
prefarably not less than about 80%.

Thus, the gene ¢f the present invention includes
any dene having a nucleotide sequence coding fer a
protein having an amino acid seguence derived from the

sequence of 8EQ ID NO:1 by deletion, substitution or
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addition of one ~ a few or a plurality of amino acids
an canditien that the above-mentioned gqualifications
are satisfied.

The extent of "deletion, substitution or addition
of amino acids* and the site or sites invelved are not
particularly restricted inasmuch as the protein so
modified is functionally equivalent to the protein
(pP51A protein cor pS1lB protein) having the amine acid
saequence of SEQ ID NO:1 or 4. Thus, the term "pS1
activity" as used in this specification means the
activities and functions possessed by the P51 protein,
represented by pSHlA protein cor pbslE protein, of the
present invention, thus including tumor cell growth
inhibitory activity, apoptosis-inducing activity and
transcriptional regulation functian in cells, among
cothers.

The P51 protein ¢©f the present invention is
consldered to have actions similar te those of the PS3
protein which is knewn te be a cell proliferation
inhibitory factor. Therefore, the term "pE1 activity®"
as used in this specification referring to the actions
and functions of the pEl protein may be restated in the
same terms as applied te the knewn activities and
functional features of the p53 protein.

As the actions and functiocns of the P53 protein,
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there may be mentioned a transcriptional regulation
functien, a signal transduction function which is
expressed through its binding to other intracellular
proteins, the function as a component of the protein
complex related to DNA replication, a DNA binding
function, axonuclease activity, ete., and as the
functions expressed by the composite interplay of said
various functions, a cell eyele interrupting function,
an apoptosis-inducing function, a DNA repairing
functien, a DNA raplication centrel function and/er a
differentiation-inducing funection in ecells. It is
considered that the pS1 protein of the present invention
has some or all of these actions and functions.

The medification of an amino acid segquence may be
spontanects, e_g. spantanecus mutation or
posttranslational modification, but can be
artificially induced on the basis of a native gene.

The present invention encompasses all modified
genes coding for proteins having the above-mantionad
c¢haracteristiaes of the pbl1l protein of the invention
without regard to the cau=e or means of mutatiocn or
modificatiaon.

The meane for making such artificial modifications
includes genetioc engineering technigues such as

site-specific (-directed) mutagenesis [Methods in
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Enzymeology, AB4: 350, 367-382 (1987); ditta 100: AGE
(1983) ; NMucleic Acids Res., 12: 9441 (1984);:; Zoku
Seikagaku Jikken Keza 1 "Idenshi Kenkyuho II®
[Experimental Biochemistry Series 1 "Methods for Gene
Research II" (edifted by Japanese Biochemical Society},
plos (1986)], ete, and chemical synthetic technigques
such as the phosphotriester method and the
phosphocamidate methed [J. Am. Chem. Scoc., 82: 4801
(1967); ditto 81: 3350 (1968} ; Science, 150: 178 (1968) ;
Tetrahedron Lett., 22: 1859 (1981l); dittoe 24: 245
{(1983)]1 as well as a suitable combination ¢f such
technigues. More specifically, DNA synthesis c¢an ke
carried out chemically by the phosphoramidide method
or the triester method, or on a commercial autematic
oligonucleotide synthesizer. The double-stranded
chain f£ragment can be obtained by synthesizing
complementary chains and amnnealing them tegether under
suitable conditions or can be cbtained from a chemically
synthesized single-stranded chain by adding a
complementary chain using a DNA polymerase together
with suitable primer seguences.

Ae specific examples of the gene of the invention,
there c¢an be menticnhed the gene having a nucleoctide
sequence corresponding to the nucleotide numbars

145~1488 of the nucleotide seguence shown under SEQ ID
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NO:2 and the gene having a nuclectide segquence
corresponding to the nuclectide numbers 145~2067 of the
seguence of SEQ ID NO:5. Each of these nucleotide
sequences represents an example of combination of the
codons coding for the respective aminoe acid residues
of the amino acid sedguence shown under SEQ ID NO:11 or
4., Therefore, the gene of the pregsent invention is not
limited to genes having such specific nucleotide
sequences but may have nucleotide sequences designed
by using a combination ¢f eptienal cedons for each amino
acid residue. Selection of codons can beée made in the
routine manner, fer aexample with reference to the
fraquency of utilization of sach codon by the hest te
be used [Nucleic Acids Res., 9, 43 (1981)1.

Furthermore, as mentioned ahove, the gene of the
present invention includes a nucleotide segquence having
a defined degree of homalogy te the nuclectide sequence
corresponding te the nuclectide numbers 145-~1488
[hereinafter sometimes referred to bhriefly as the
nuclectide segqguence (145-1488)1 cof the nucleostide
seguence shown under SEQ ID NO:2.

A= an example of such gene, there can be mentioned
a gene having a hnucleotide sequence capable of
hykridizing with a DNA having said nucleotide sequence

(145-14849) under stringent conditions, for example in
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0.1% SDS~containing 0.2 x SBS8C at 50°C oer in 0.1%
SpS—-containing 1 x S8C at €0°cC.

The gene of the preseant invention can be easily
produced and acquired by the standard genetic
engineering technigues [Malecular Cloning 24 Ed, Cold
Spring Harbor Lab. Press (19888); gZoku Saikagaku Jikken
Koza 1 "Tdenshi Kenkyuho I, IX, III" [Supplemental
Biochemical Experimental Series 1 "Methods for Gene
Resegarch I, II, III" (edited by Japanase Bicchemical
Society), (1986), etc.] based on the segquence
information on the specific examples shown in SEQ ID
NOo:2 .

More particularly, the object gene can be acquired
by constructing a <DNA Jlibrary from a suitable source
in which the gene of the inventicen can be expressed and
selecting the desired clone from this cDNA library using
a suitable probe or antibeody specific to the gene of
the invention in the per se knownt manner [Proc. Natl.

Acad. Sci., USA., 78: 6613 (1981); Segience, 222: 778

(1983}, etec.].

In the abova procedure, the cDNA scurca includes
but is not limited to various c¢ells or tissues in which
the gene of the inventien is expressed and cultured
¢ells derived therefrom. Isplation of the whole RNA

from such a source, isclation and purification of mRNA,




33

acquisition of <¢DNA, and cloning therecf can all be
carried out in the routine manner. cDHNA libraries are
also commercially available., In the practice of the
present invention, such commercial eDNA libraries, for
example tho=ze availabkle from Clontech Labk. Ine., can
also be employed.

The methed ¢f screening for the gene of the
invention from a <¢DNA library is net particularly
restricted, either, but the aonventional methods can
be szelectively employed.

To be specific, selection of a cDNa clone by an
immunoscereening technique using a specifiec antibody
against the protein produced by the cDNA, the plaque
hybridization or colony hybridization technigue using
a prebe having a selective binding affinity for the
objective DNA sequence, or a caombination thereof can
be menticned by way <of example.

As to the probe to be used in the above procedure,
it is generally advantageous to use a DNA chemically
synthesized according te the nucleotide sequence
information on the gene of the present invention but
the very gene of the inventien which has already been
acquired or a fragment thereof can of course be used
with advantage as said prake. Furthaermera, the sense

primer and antisense primer established based on the
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nucleoctide sequence information on the p8l gene of the
present invention c¢an be used as the screening probe.

For acquisition of the gene of the inventien,
DNA/RKA amplification by the PCR method [Science, 230,
1350 (1985} ] or a modification thereof can also be used
with advantage. Particularly under circumstances
where a full-length c¢DNA c¢an hardly be obtained from
a library, the RACE [rapid amplificatien of cDNA ends]
method [Jikken Igaku (Experimental Medicine), 12(€):
35 (1994}1, in particular the 5'—-RACE method {Frohman,
M. A., et al., Proc. Natl. Acad. &ei., USA., 8: 8998
(1988) 1, can be used with advantage.

The primers for use in such PCR methods can be
judiciocously estaklished according to the seguence
infermation on the p51 gene of the invention which has
been uncovered in accordance with the present invention
and can be synthesized by the conventional procedure.
Isolation and purification of the amplified DNA or RNA
fragment can be carriaed out by the conventional
technigques as mentioned hereinbefore, for example by
gel electrophoresis=s or hybridization.

The nucleotide seguence of the p5l gene of the
present invention oxr any of the various DNA fragments
which can be obtained as above can be determined in the

routine mannetr, for example by the dideoxy method [Proc.
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Maxam—Gilbert method [Methods in Enzymolcocgy, &£S5: 4989
(1980) ] or, more expediently, by means of a commeraial
sequencing kit.

Wwith the p51 gene of the present invention, for
example by utilizing a partial or full-length
nuclectide sequence of this gene, the expressicon or
ten—expression of the pS1 gene of the present invention
in 2 human or other individual body ©or variocus tissues
thereof can be specifically detected.

This detection can be made in the routine manner.
For example, detarmination at the cellular level by RNA
amplification by RT-PCR [revercse transcrihed-
polymerase chain reaction; E. S. Kawasaki, et al.,
Amplification of RNA In PCR Protocol, A Guide to methods
and applicatiens, Academic Press, Inc., San Diego,
21-27 (1991)]1, Neorthexrn blotting analysis [Molecular

Cloning,coldSPringHarborLab.(1989)],insituRT-PCR

{Nuecl. Acids Res., 21, 315¢-3166 (1993)] or in a2itu
hybridization, the NASBA method [nucleic acid
sequence-based amplification, Nature, 3250, 91-92
(19921)] and other technigues can be mentioned. The
preferred is the RT-PCR-SSCP method.

The primers for use in the PCR procedure are not

particularly restricted inasmuch &s the rS1 gene
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(inclusive of a partial DNA) of the present invention
can be specifically amplified, and can be Judicicusly
established on the basise of the sequence informaticon
on the pfl gene of the invention. Usually, for example,
primers each having a partial sequence of the p51 gene
of the invention and a length ranging from about 10 to
35 nucleotides, preferably 15~30 nucleotides, can be
employed.

Thus, the gene of the present invention includes
DNA fragments which can be used as specific primers
and/or specific probes for detection of the human pS51
gene o¢f the inventicon.

Such a DNA fragment can be defined as the DNA
characterized by its capability to hybridize with a DNA
having said nuclectide sequence (145-1488) under
stringent conditions. The stringent conditions
mentioned akove may be the conventional conditions used
for primers and probes and, for that matter, not
particularly restricted but the above-mentioned
conditions, namely 0.1% SDS-containing 0.2 x 9323C at 50°¢C
or 0.1% SEDS-containing 1 x SSC at 60°¢C, can for example
be mentioned.

With the human p51 gene of the present invention,
the protein comprising the corresponding gene product

(p51 protein) can be produced easily, on a large 2cale,
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and with good reproducibility by utilizing the
conventicnal ¢genetic engineering technalogy.
(2} The p5l1 protein

The present invention, therefore, provides the p51
protein encoded by the above-described gene of the
invention.

AS specific examples of the protein of the present
invention, there can be mentioned the pSl1A protein
having the amince acid sequence shown under SEQ ID NO:1
and the protein designated as the pS1lE protein which
has the amine acid seqguence shown in SEQ ID NO:4. It
.should, however, be understood that the protein of the
present invention is not limited to said pSlA protein
and p51lEB preotein but includes their homologs. The
homelog in this context includes the protein having an
amino acid seguence derived from each of said amino acid
saeguences by deletion, subsatitution or addition of one
~ a few or a plurality of amine acids and having said
PS5l activity. Mora particularly, the gene products of
said pS51 gene homologs (pSl-related genes ine¢luding
splicing variants and alleles) ¢an be mentioned.

The protein of the present invention can be
prepared by the conventional recombinant DNA technology
[e.g. Science, 224, 1431 (1984) ; Biochem. HBiophys. Res.

Comm., 130, 682 (1985); Proc. Natl. Acad. Sci., UsSA.,
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BO, 5990 (1983), etc.] kased on the human pSl gene
sequence information provided by the present invention.
(3) The polypeptide containing one or more functional
domains of the pS5l protein

The preaesent invention is further directed to a
poelypeptide containing a partial region of =zaid pbE1l
protein.

The polypeptide preferably has the aminoe acid
sequence c¢corresponding tcoc any of said various
functional regions of the pS1 protein and, specifically,
there can be mentioned a polypeptide having an amino
acid sequence corresponding to at least one deomain
selected from the group consisting of the
trxanscriptional activation demain, DNA binding daemain
and ¢ligomerization domain ef the pS51l protein.

As mentioned above, the locations of the
transcriptional activation domain, DNA binding domain
and coligomerization domain of the p5l1 protein can ke
identified by the amino acid numbers 1~5¢%, the aminoc
acid numbers 142~321 and the amino acid numbers 359~387,
respectively, of the amino acid seguence of the p5la
preotein whicech is shown under SEQ ID NO:1.

Therefore, the polypeptide of the present
invention includes the following.

(i) & polypeptide having the amino acid sequence
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corresponding te the amino acid numbers 1~5% of SEQ ID
MO:1 (hareinafter referred to kriefly as amino acid
segquence 1 (1-59)) and its equivalent.

The egquivalent mentioned just above includes any
polypeptide having an amino acid sequence derived from
said amino acid sequenca 1 (1-5%) by deletion,
substitution or addition of ona or a plurality of amino
acids and having a transcriptional activation function.
The extent of modification or mutation of the amino acid
segquencea is not partic¢ularly restrieted inasmuch as the
modified polypeptide retains said transcriptional
activation function. Preferabkly, however, the
homogeneity of the =segquence so modified to the amino
acid sequence 1 (1-859) is not less than about 355,
particularly not less than 45%.

(ii) A polypeptide having an amino acid segquence
identified by the amino acid numbers 142~321 of EEQ ID
NQO:1 (heraeinafter referred to hriefly as amino acld
segquence 1 (142-321)) and its equivalent.

The equivalent menticoned abeove includes any
pelypeptide having an amine acid sequence derived from
the amino acid seguence 1 (142-321) by deletion,
substitution or addition of one or a2 plurality of amino
acids and having said DNA binding function. The extent

of modification or mutation of the amino acid seguence
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is not particularly restricted inasmuch as the seguence
as modified retains DNA binding activity but the
saguence preferably has a hemology of not less than
about B8%, more preferably not less than 90% with
respect to the amine acid sequence 1 (142-321).
(iii) A polypeptide having an amino acid sequence
'idantified by the amino acid numbers 353~397 of 8EQ ID
NOo:1 (hereinafter referred to briefly as amino acid
sequence 1 (353-387) and its eqgquivalent.

This equivalent includes a polypeptide having an
amine acid sequence derived from said amine acid
segquence 1 (353-397) by deletion, substitution or
addition of one or a plurality of amine acids and having
an cligomerization function, for aexample the
cligomerization domain in & broad sense (i.e. the amino
acid numbers 353~641 of SEQ ID NO:4) of the p51 protein.
The extent of modification or mutation of the amino acid
seguence is not particularly restricted inasmuch as the
sequence so modified retains the oligomerization
functien but preferably retains a homolaogy of not less
than about 70%, more preferabkly not less than B0%, with
respect to the amino acid seguence 1 (353-397) .

The polypeptide ¢f the present invention may be
a pelypeptide which containe any of said amino acid

sequence 1 (1-59) eor an equivalent thereof, gaid amino
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acid sequence 1 (142-321) or an equivalent therecf, and
said amino atid sequence 1 (353-387) or an equivalent
thereof in one region or a peolypeptide which contains
two or more of said amino acid sequences in an optional
comhination either as a continuous region or a
discontinucous region.

The present invention further includes genes (DNA)
having oligonucleotide sequences coading for such
polypeptides. More particularly, the nucleoctide
sequence coding for said amino acid sequence 1 (1~589}
is the nucleotide sequence corresponding to the
nucleoctide numbkbers 145~321 of SEQ ID NO:2; +ha
nucleotide sequence coding for said amine acid sequence
1 (142-321) is the nuclectide sequence corresponding
te the nuclectide numbers 568~1107 af SEQ ID NO:2;: and
the nucleotide sequence coding for said amino acid
sequence 1 (353-397) is the nucleotide sequence
corresponding to the nuclecstide numbkbers 1201~13385 of
SEQ ID NO:2.

(4) Method of producing the pS51 protein and the
materials for use in its production

The present invention further provides a method
of producing said pS1 protein and the materials to be
used for its production, for example, a vector harboring

said gene and host cells transformed with said vector.
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More particularly, the production of said protein
is carried out in accordance with the procedure which
comprises censtructing a recombinant vector
{expression vector) in which the gmne coding for the
desired protein may be expressed, transforming host
cells with the resulting construct, culturing tha
transformant thus obtained, and harvesting the desired
protein from the culture oﬁtained.

As said hest ¢cells, whichever of eucaryotic cells
and procaryoctic cells can be emplayed.

The eucaryotic host c¢ells include cells of
vertebrae and yeasts, among cthers. Among the former
calls, the menkey cell line COS [Cell, 23: 175 (1981)1,
Chinese hamster aovarian cells and the dihydroefalate
raeductase~defective line thereof [Preoc. Natl. Acad.

Sci., UsSa., 77: 4216 (1980)}1 can be mentioned as

examples. As to the latter cells, ceils of yeasts
belonging toe the genus Saccharomyces can be mentioned

as examples but these are not exclusive cheices.

As the procaryotic host, varicus procaryotes which
are commonly empleoyed, such as Escherichia coli and
Bacillus subtilis, can be liberally employed. The
preferred host cells are those derived from Escherichia
coli, particularly cells of E. goli K12.

The expression vector is net particularly
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restricted inasmuch as it harbors the gene of the
present invention and permits expression of said gene
but is generally selected with reference to the kinds
of heost cells.

When cells of a vertebrata are used as host cells,
generally an expression vector having a promoter region
upstream of the gene ©f the invention, RNA splicing site,
polyadenylation site and transcription termination
sequence can be used and, where necessary, it may
further inelude a replication erigin. Axg an example of
such expression vecter, pSV2dhfr {Mol. Celld. Biol., 1,
854 (1981)1 having the early promoter of 8V40 can be
mentioneaed.

When cells ¢of eucaryotic microorganisms such as
yeasts are used as hot c¢cells, the expression vector
which canbe used includes PAMEBZ [Proc. Natl. acad. Sci.
USA., 80, 1 (19283)] which has the promeoter of the acid
phosphatase gene, and the vector for use in the present
invention can be prepared by inserting the gene of the
invention upstream o©f this promocter. Preferably, a
fusien vector obtainable by hybridization with a
procaryctic gene c¢an ke used and, as specific examples
of such vector, pPGEX~2TK and pGEX-4T-2 each having a
G8T domain with a molecular weight of 26000 (dexrived

from 8. Jjaponicum) c¢an be menticoned.
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When procaryeotic cells are used as host calls, the
expression vector may fo¥ example be a vector eguipped
with a promocter region and 8D {Shine—-Dalgarno) segquence
upstream of the gene so that the gene may be expressed
therein and further an initiation cedon (e.g. ATG)
necegsary for the initiation of pretein synthesis.
.Particularly when cells of Escharichia gcali (e.g.
Egccherichig coldi K12) are used as host cells, generally
PER3IZ2 ax such or modified is often used as the vector.
However, these are not exclusive choices but other known
bacterial strains and known vectors can alsoc be employed.
As the premoter, tryptophan (trp) promoter, lpp
promoter, lac promoter, PL/PR pramater, etc. can be
employed.

The metheod of introducing said expression vector
inte the host cell (transformation method} is not
particularly restricted, either, but various
standardized methods can ke utilized.

culture of the resultant transformant ¢an alse be
parformed in the reutine manner. By suc¢h culture, the
object protein encoded by the gene of the invention is
expressed, produced, and accumulated in the
transformant cell or secreted extracellularly or on the
cell membrane.

The medium for said culture can be Jjudiciously
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celected from among the conventional culture media
acacording to tha type of host cells adopted, and culture
can also be carried ocut under ceonditions suited for
growth of the host cells.

The recombinant protein thus produced can be
optionally isolated and purified by various isclatieon
procedures utilizing its physical, chemical or other
properties [Seikagaku (Biochemical) Data Book II,
pp-1175-12569, 15t Ed., 1st Impression, June 23, 19BO,
Tokye Kagaku Dojin; Biochemistry, 25(285): 8274 (1986);
Bur. J. Biochem., 163: 313 (1987}); ete.j].

The procedures mentioned above specifically
include ghe standard reconstitution treatment,
treatment with a protein preaecipitating agent (salting
cut), centrifugatien, osmotic shock method, sonic
disruption, ultrafiltration, varicus kinds of
chromateoegraphy, e.g9. malecular sieves chromatography
(gel filtratieon), adsorxption chromatography, ion
exchange chromateoegraphy, affinity chromatography, high
performance lidguid chromatography (HPLC)}, ete.,
dialy=zis, and their combinations. The particularly
praferred procedure is affinity chromatography using
a column cchjugated with a specific antibody against
the protein of the invention.

In the designing of the object gene coding for the
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protein of the inventicon, the nucleotide sequence of
the human pSlA gene as identified by the nucleotide
sequence (145-1488) in 8EQ ID NO:2 or the nucleoctids
seguence «of the human pS1lB geéene as identified by the
nucleotide seguenace (145-2067) 4in SEQ ID NQ:5 can be
utilized with advantage. If desired, this gene may be
used with the codons designating respective amine acid
residues judiciously changed.

Furthermcocre, the partial modification of the amino
acid seguence encedad by the human p51A gene or human
r51B gene by the substitution, deletion or addition of
gsome of the amino acid residuss or a given partial
sequence can be achieved by the various technidgques
mentioned hereinbefore, for example by site-specific
mutagenesis.

The protein of the present invention can be
synthesized by the standard technology for chemical
synthesls in accerdance with the amino acid sequence
shown undetr S8EQ ID NO:1 or the amino acid segquence shown
under SEQ ID NO:;4. Thixs technology includes the
ligquid-phase and sclid-phase methods far peptide
synthesis.

More particularly, the synthetic technolegy
includes the so-called stepwise e@lengation method in

which one amine acid after another is sequentially
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coupled together in acegordance with the amino acid
segquence information and the fragﬁent candensation
methed in which fragments e¢ach e¢onsisting of several
amino acids are synthesized in advance and then coupled
together. The peolypeptide of the present invention ¢can
be synthesizad by whichever of the above alternative
methods.

The condensation method for use in the above
peptide synthesis may also be the conventional one,
which includes but is not limited te the azide method,
mixed acid anhydride method, DCC method, activated
ester method, redox method, DPPA (diphenylphesphoryl
azide) methad, DCC + additive {l1-hydroxybenzotriazole,
N-hydroxysuccinamide, N-hydroxy-5-nerbocrnene-2,3-
dicarboximide or the like) methed, and Woocdward's
method.

The seolvent for use in these methods can alsec be
Judiciously selected from amohg the cemmon selvents
whiceh are well known tce those skilled in the art of
peptide condensation. As examples, N,N-
dimethylformamide (DMF)}, dimethyl sulfaxide (DMEO),
hexaphospheoramide, dioxane, tetrahydrefuran (THF),
ethyl acetate, etc. and mixed solvents thereoef.

The carboxyl groups of amine acids or peptides

which are not te be invelved in the reaction for said
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peptide synthesis c¢an be protected gensrally by

esterification, For example in the £orm of a lower alkyl
egster, e.g. methyl ester, ethyl estexr, tert-butyl ester
or the like, or an aralkyl ester, ©.g. khenzyl ester,
p-methoxybenzyl ester, p—nitrobenzyl ester or the like.

The amino acid having a functional group in its
gside chain, for example the hydroxyl group of the
tyrosine regidue, may be protected with an acetyl,
henzyl, benzyloxycarbonyl, tert-butyl or ather greup,
although this protection is noet indispensable.
Furthermore, the guanidino group af an arginine residue,
for instance, ¢an be protected with a suitable
protective greup such as nitro, tosyl, p-methoxy-
benzenesulfonyl, methylene-2-sulfonyl, benzyloxy-
carbonyl, ischornyloxycarbonyl, adamantyloxycarbhaonyl
or the like.

The deprotection reactions of such protaected amine
acids, peptides and end preoeduct preoetein of the present
invention for removal of the protective groups can also
be carried ocut by the c¢onventional methed, for example
the catalyticec reduction methed or the method using
liguid ammenia/sodium, hydrogen fluoride, hydrogen
bromide, hydrecgen c¢hloride, triflucroacetic acid,
acatic acid, formie acid, methanesulfonic acid or the

like.



48

peptide synthesis can be protected generally by

asterification, for example in the £fe¢rm of a lower alkyl
ester, e.g. methyl estexr, ethyl ester, tert-butyl ester
or the like, or an aralkyl ester, €.g. henzyl ester,
p-methoxybenzyl ester, p—nitrobenzyl ester or the like.

The aminoe acid having a functiconal greouyp in its
side chain, for example the hydroxyl group of the
tyrosine regidue, may be protected with an acetyl,
benzyl, benzyloxycarbonyl, tert-butyl or other graup,
although this protection is net indispensable.
Furthermore, the guanidino group of an arginine residue,
for instance, can be protected with a suitable
protective group such as nitro, tosyl, p-methoxy-
benzenesulfonyl, methylene-Z-sulfonyl, benzyloxy-
carbonyl, iscbhbornyloxycarbonyl, adamantyloxycarbonyl
or the like.

The depreotection reactions of such protected aminoe
acids, peptides and end product protein of the present
invention for removal of the protective groups can also
be carried out by the c¢eonventional metheod, for example
the catalytic reduction methoed or the method using
liguid ammcnia/sodium, hydrogen fluoride, hydrogen
bromide, hydrogen <¢hleride, trifluoroacetic acid,
acaetic acid, formie¢ acid, methanesulfonic acid or the

Jike.
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The protein thus produced can be purified by the
procedure wvhich is conventionally utilized in the field
of peptide chemistry, such as said various methods, such
as ion exchange chromatography, partition
chromatography, gal permeatjion chrematoegraphy,
countercurrent distribution, etc.

The protein of the present invention gan be u=seaed
with advantage as an immunogen in the preparation of
a specific antibody to the p51 protein, and by using
such an immuncgen, the desired antisezrum (polyc¢lonal
antibody) and monecleonal antibody can be acduired.

The antibody production technolaoagy as such is well
understood by thoge skilled in the art and, in the
practice of the presént invention, toco, the
convaenticonal methods can be utilized [e.g. Zoku
Seikagaku Jikken Koza (Supplemental Biochemical
Experimental Series), Methods for Immunobicchemical
Research, ed. by Japanese Biochemical Boeiety (1986)].
The antibody thus cbtained can be used with advantage,
for example in the purification of the p51 protein and
the immunelogical assay or characterization of the
protein.

Furthermore, the protein of the present inventian
findsg application in the pharmaceutical field, in the

manufacture of pharmacautical products containing it
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as an active component.
(5) Pharmaceutical compeositicons containing the pb1
protein

The present invention, therefore, is further
directed to said pharmaceutical products containing the
protein of the invention.

The protein mentioned abeve includes its
pharmaceutically acceptable salt. Such salt includes
nontoxic alkali metal, alkaline earth metal and
ammonium salts, such as sodium, potassium, lithium,
calcium, magnesium, barium and ammonium salts.
Furthermore, said salt includes nontexic acid addition
salts obtainable by reacting the peptide of the
invantion with a suitabkle erganic or inorganic acid.
The representative nentoxic acid additien salts are the
hydrochloride, hydrobromide, sulfate, bisulfate,
acetate, oxalate, valerate, ecleate, laurate, borate,
benzoate, lactate, phosphate, p~teocluenesulfonate
(tosyvlate), citrate, maleate, fumarate, succinate,
tartrate, sulfonate, glycelate, ascorbate,
benzenesulfoenate and naphthalate, among others.

The present invention further comprises a
pharmaceutical composition or deosage form which
contains a pharmacologically effective amount of the

pretein of the invention as an ac¢tive ingredient
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togethar with a suitable nontoxic pharmaceutical
carrier oxr diluent.

The pharmaceutical carrier which can be utilized
in zaid pharmaceutical <¢omposition (or desage form)
includes the diluents and exceipients which are commonly
used according te the mode ¢f use of the pharmaceutical
preparation, such as filler, volume builder, kinder,
fiumectant, disintegrator, surfactant, Lubricant, etc.,
and these are selectively employed according to the unit
dosage form of the pharmaceutical preparation.

The particularly preferred pharmaceutical
preparation of the present invenktion is preducaed by
using various formulating substances which can be
.inaarporated in the conventional protein preparation,
such as the gtabilizexr, bactericide, buffer,
isotonizing agent, chelating agent, pH control agent,
surfactant, etc., in suitable proportions.

The stabjilizer menticoned above includes but is not
limited to human serum albumin, ordinary L-amino acids,
saccharides and cellulose derivatives and these can be
used independently or in combination with a surfactant
or the like. Particularly in the ¢c¢ombinaticon use, the
stability ©of the active ingredient can be further
improved in certain cases.

The L-aminoe acids mentioned above are not
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particularly restricted but may be glycine, cysteine,
glutamiec acid and so on.

The saccharides mantioned above include
menosaccharides such as glucose, mannose, galactose,
fructose, ®tc., sugar alcohols such as mannitel,
inositel, xylytol, ete., disaaccharides such as sucrose,
maltose, lactose, ete., polysaccharides such as dextran,
hydroxypropylstarch, chondroitin sulfate, hyaluronic
acid, etec., and their derivatives.

The surfactant is not particularly restricted,
either. Thus, icocnic surfactants and nonienic
surfactants, such as surfactants in the polyoxyethylene
glycol sorbitan alkyl ester, polyoxyethylene alkyl
ether, sorbitan monocacyl ester and fatty acid glyceride
series can be mentioned.

Thae celluleose derivatives are not particularly
restricted, eithar, but methylcellulose, ethyl-
cellulose, hydroxyethyleellulose, hydroxypropyl-
cellulose, hydroxypropyimethylceelluleose,
carboxymethylcelluleose sodium, ete. c¢an be mentioned.

The suitable level of addition of the saccharide
paer 1 pg of the active ingredient is not less than about
¢.0001 mg,.preferably about 0.01~10 wmg. The level of
addition of the surfactant per 1 ung of the active

ingredient may suitably be not less than about 0.00001
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mg, preferably about 0.0001~0.01 mg. The level of
addition of human serum albumin per 1 pg of the active
ingredient may suitakly be not less than abhout 0.0001
mg, preferably somewhere within the range of about
0.001~0.1 mg. The level of additicon of gaid amino acid
per pg of the active ingredient is suitably about
¢.001~10 mg. The level of addition of the callulocse
derivative per ug of active ingredient is suitably not
lesse than akout 0.0000]1 mg, preferakly about G¢.001~0.1
mq -

The amcunt of the active ingredient in the
pharmaceutical dosage form c¢an be liberally selected
from a broad range but can be judicicusly selected fram
the range of generally abeout 0,00001~70 weight %,
preferably about 0.0001~5 weight %.

The pharmaceutical dosage form of the present
invention may be supplemented with v.arious additives,
such as a buffery, an isctonizing agent, a chelating
agent, etea. The buffer mentioned akove includes boric
acid, phosphoerie acid, acetic acid, citricec acid, e-
aminocaproic acid, glutamie acid, ete. and/or the
corresponding salts {(alkali metal or alkaline earth
netal salts, e.g. sodium salt, potassium salt, calcium
salt, magnesium salt, etac.). The isctonizing agent

includes but is not limited to sodium chloride,
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potassium chloride, sugars and glycerin. The
chelating agent includes socdium edetate and citric acid,
among others.

The pharmaceutlical composition of the present
inventien can be used not enly as it is in the form of
a sclution but also provided in the form of a lyophilized
produect which can be preserved and extemporanceously
reconstituted with water or a buffer soclution inclusive
of physiclegical saline to a suitable concentration.

The unit dosage form for the pharmaceutical
composition of the present invention can be selected
from various alternatives according to the therapeutic
purpose, and includes sclid dosage forms, such as
tablets, pills, powders, fine powders, granules,
capsules, etce. and liquid dosage forms, such as
solutions, suspensions, emulsions, syrups and elixirs.
These dosage forms can be £further classified as the oral,
parenteral, transnasal, vaginal, rectal (suppository)
and sublingual dosage forms, cintments and other
producte, and each product can be manufactured in
accordance with the established formulatian and
molding/processing procedure.

Taking the manufacture of tablets as an example,
the pharmaceutical carrier which can be used includes

various excipients such as lactose, sucrose, seodium
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chloride, glucose, urea, starch, c¢alcium carbonate,
kaoclin, erystalline cellulose, silicic acid, potassium
phosphate, etc.; binders such as water, ethanol,
propancl, simple syrup, glucose solution, starch
sclution, gelatin scolution, carboxymethylcellulose,
hydroxypropylcellulese, methylcellulese,
polyvinvlpyrrolidone, etc. disintegrateors such asg
carboxymethylcellulocse sodium, carboxymethylcocellulose
calecium, low=substitution-degree hydroxypropyl-
cellulese, dry starch, sodium alginate, agar powder,
laminaran powder, sodium hydrogencarbonate, calcium
carbonate, etc.; surfactants such as polyoxyethylene
sorbitan fatty acid esters, sodium lauryl sulfate,
stearyl monoglyceride, ete.; disintegration inhibitors
such ag sucrose, stearin, cacao butter, hydrogenated
©il, etec.; absorption promoters such a2s quaternary
ammonium bases, sodium lauryl sulfate, ete.; humectants
such as glycerin, starch, etec.; adsorbents such as
starch, lactese, kaolin, bPbentonite, colloidal silica,
etc.; and lubricants suceh as purified talec, stearate
salts, boric acid powder, polyethylene glycel and so¢
on.

Furthermore, tablets may optiocnally be coated with
a usual ccating material te provide sugar-coated

tablets, gelatin-caoated tablets, aenteric—~coated
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tablets, film-ceoated tablets, etc. or even processed
inte multilayer takblets such as double~layer tablets.

Pills can be manufactured by using variocus
pharmaceutical catrriers inclusive of excipients such
as glucase, lactose, starch, cacao butter, hydragenated
vegetabla oil, kaoclin, talc, etc.; binders such as gum
Arabic, tragacanth powder, gelatin, ethanol, etc.; and
disintegrators s$uch as laminaran, agar and so on.

Capsules can be prepared by hklending the active
ingredient of the present inventien with said various
pharmaceutical carriers and filling capsule shells,
such as hard gelatin capsule shells or soft capsule
Fhells, with the resulting composition.

Ligquid dosage forms for oral administration
include pharmaceutically acceptable sclutions,
emulgions, syrups, elixirs, ete. as prepared by using
the conventional inert diluent, such as water, and may
further contain auxiliary agents such as wetting agents,
emul=sifiers and suspending agents. These dosage forms
can be manufactured by the cenventional procedure.

Liguid dosage forms for parenteral or nonoral
administration, such as sterile agueous oxr nonaguecus
solutiecns, emulsions and suspensions, can be
manufactured using a diluent such as water, ethyl

alcohol, propylene glycol, polyethylene glycol,
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ethoxylated isostearyl alccheol., polyexylated
isostearyl alcohel, pelyoxyethylene serbitan fatty
acid estexr, 2a vegetable oil, e.9g. clive ©il, and may
pe fermulated with an injectable crganic esterxr, such
a= ethyl oleate. Furthermore,suchpreparationsmaybe
5upplementedvujjxtheconventicnalSolubilizer,buffer,
wetting agent, emulsifier, suspending agent,
preservative, dispersant and other additives.

Sterilization may be carried out by filtration
through a bacterial filter, formulation of a
bactericide, irradiation, heating or the like.
Furthermore, =said preparations can be processed into
sterile sclid dosage forms which can be
extemporanecusly dissolved in sterile wataer or &
suitable sterilizakle medium.

In the manufacture of rectal suppositories or a
dosage form for vaginal administration, thexre can be
employed & pharmaceutical ointmant base such as
pelyethylene glycel, cacac butter, a higher alcohol,
a higher alcohol ester, gelatin, semisynthetic
glyceride or the like.

In the manufacture of ointments inclusive of
pastes, creams and gels, there can be employed such
diluents as white petrolatum, paraffin, glycerin,

cellulose derivatives, propylene glycol, polyethylene
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glycol, silicone ©il, bentonite and vegetable oils such
as olive oil.

Compositions for transnasal or sublingual
administratien can be prepared with the well-known
standard excipient in the conventional manner.

Where necessary, coloring agents, preservatives,
flaveoering agents, corrigents, sweeteners, and other
medicinal subkstances can be lncorporated in the
pharmaceutical products of the present invention.

The method of administering said pharmaceutical
product is not particularly restrie¢ted but should be
judiciously‘selected accecording to the dosage form,
patient factors such as age and sex, sevarity of illness
and other factors. For example, said tablets, pills,
solutions, suspensions, emulsions, granules and
capsules are administered orally. The parenteral
produat is used alone or mixed with a conventional
infusion, such as a glucose or amineo acid infusion, and
administered intravenocusly or, where neceaessary,
administered alone intramuscularly, intradermally,
subcutanecusly or intraperitoneally. The
suppositories are administered rectally; the vaginal
preparation is administered inte the vagina. The
transnasal preparation is administered intoe the

nostrils; sublingual tablets are administered
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buccally; and ointments are topically administered
transdermally.

T'he amocunt of the protein of the invention in the
pharmaceutical product and the desage thereof are not
particularly restrictad but can be judiciously selected
from a breoad range according te th.a expectaed therapeutic
effect, administration metheod, treatment course or
duration, patient factors such as age and sex, and other
factors. Genarally, the dosage is usually about 0.01
g ~ 10 mg/kg body weight/day, preferably about 0.1 pg
~ 1 mg/kg k.d. /day, and this amount can be administered
ohge or in a few divided doses daily.

(6} Gene therapy

The present invention further provides a method
of gene therapy utilizing the human p51 gene of the
inventieon. This therapeutic method may be regarded as
a maethod for imparting the wild type pSl1l gene functions
to the cells harbeoring a mutant p51 gena. By imparting
the normal functions inherently poaseszed by the wild
type pbl gene or gene product to cells, necoplastic
growth of the recipient/target cells can be inhibited.
The wild type p51 gene menticned above can be
transferred into the objective cells by means of a
vector or plasmid capable of maintaining the gene

extrachroemosomally. In this case, the particular gene
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is expressed frem cutside of the chromosome.

In intreducing the wild type pSl gene into cells
harboring such a mutant pb51 gene te have a normal p5i
protein expressed in the recipient cells, the pSl1l gene
need net have a full-~length seguence but may be said
modified gene insofar as the latter has substantially
homologous desired funotions with respect to the
unmodified gene. As an alternative, a gene having a
partial segquence retaining certain such functions can
be employed. As an example of the gene mentioned just
aboeve, there can be mentioned a gene coding for a portion
of p51 protein which is necessary for nontumercus growth
of eells (cell growth inhikition).

The wild type pSl1l gene or a fragment thercsof is
preferably introduced inteo mutant cells in such as
manner that a recombination will take place with the
endogencaus mutant pS5l gene. For such a recombination,
occocurrende of a double recombinatien correcting for the
51 gene mutatien is said to be reguired.

The vectors which can be used in the transfer of
the object gene for boeth such recombination and
extrachromosomal maintenance of the gene are already
known in the art and any of the known vectors c¢an be
used in the practice of the present invention. Forxr

example, a virus vector or plasmid vector which harbors
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a copy of p51 gene linked to an expression control
element and is capable ©f insuring expression of the
gene product within the target cells can be menticned.
As such a vactor, the expression vectors mentioned above
can be generally used but preferably wvecters
constructed using such =source vectors as the vectors
disclosed in US Patent 5252479 and PCT WO 93/07282
(PWP-7A, pwP-19, pWU~1, pWP-8A, pWP-21 and/ocr pRSVL,
among cothers) or pRC/CMV (Invitrogen). The more
preferred are the various virus vectors described
hereinafter.

As the promoter for the vector to be used in gene
therapy., the promoters intrinsic te the target affacted
tissues in various diseases can be utilized with
advantage.

Specific examples may be cited helaw. For the
liver, for instance, albumin, a-fetopreotein, «l-
antitrypsin, transferxrin, transthyretin, etc. can be
mentioned by way of example. For the colon, carbexyl
anhydrase I, carcinoembrogen antigen, etc. can he
mentioned. For the uterus and placenta, estrogen,
aromatase cytochrome P450, cholesterol side-=chain
cleaving P4%50, l17a~hydroxylase P450, et¢. ¢an be
mentioned.

For the prostate, progtaticec antiegn, gp%l~-fox gene,
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prostate-gpecific kallikrein, etac. can be mentiocned.
For the mamma, exrb-B2, erb-B3, B—-casein, B—~lactoglobin,
whey protein, etce. can ba mentiocned. For the lung, the
activator protein € uroglobulin, among others, ¢an be
mantioned. For the skin, K-l4-keratin, human keratin
1 or 6, leucrin, etc. can be mentioned.

For the brain, neuroglia fiber acid protein,
mature astrocyte—-specific protein, myelin, tyrosine
hydroxylase pancreatic villin, glucagon, Langerhans
islet amyloid polypeptide, ete. can ke mentioned. For
the thyroid, thyroglobin, calcitonin, ete. can be
mentioned. For the bene, al collagen, osteoccalein,
bone sialoglycoprotein, etec. can be mentioned. For the
kidney, ranin, liver/bone/kidney alkaline phosphatase,
erythropoietin, etc. c¢an be mentioned. Foxr the
?ancrease, amylase, PAPl, ete. c¢an be mentioned.

The gene (the whele or a fragment) to be used for
the construction of a gene transfer vector can be easily
produced and acguired by the standard genetic
engineering technoelogy based on the nuclectide sequence
information about the p5l gene of the inventieon as
mentioned haereinbefore.

The introduction of such a gane transfer vector
into cells can be carried out ky various alternative

techniques known to those skilled in the art, such as
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electroporation, c¢alcium phosphate coprecipitation,
viral transduction and so on. The c¢ells transformed
with the wild type pEl gene can be used asg they are in
the iselated form as the agent for tumor suppression
or inhibiticon of cancer metastasis or as a model system
for therapeutics raesearch.

In gene therapy, said gene transfex vecetor can be
introduced into the tumor cells of a patient by topical
administration te the tumor site ¢or by systemic
administration te the patient by injection. By
systemic administration, the gene can be caused to
arrive at any tumor cells metastable to othetr sites.
If the transformed cells cannet be permanently taken
up in the chromosomes of the target tumor cells, the
above administration may be repeated periodically.

The method of gene therapy according to the present
invention includes koth the in yive method whicah
comprises administering a material for said gene
transfer (gene transfer vector) directly inte the body
and the ex vivo method which comprises withdrawing the
target cells from the patient's bhody, introducing the
gene extracorpoereally, and returning the cells into the
body.

A further possible alternative is a gene therapy

uzing a ribozyme which comprises intradueing the human
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p51 gene directly into cells and cleaving the RNA chain
with the ribozyme which is an active moleculse.

The gene transfer vector harboring the human p51
gena of the invention or a fragment thereof and a
gane—therapeutic agent coemprising cells transformed
with the human p51 gene by maans of said vecter as an
active ingredient are directed especially to the
therapy of cancers but the gene therapy (Lreatment)
mentioned above can be applied als¢ toe the therapy of
‘hereditary diseases and viral diseases such as AIDS,
as well as for the purpovse of gene labeling.

The target cells to which the gene is transferred
can be judiciocusly selected according to the object of
gene therapy (treatment}. For example, as the target
cells, not only c¢ancer cells and tumer tissues but alse
lymphocecyvtes, fibroblasts, hepatocytes, hematopoietice
stem cells and other cells can be menticned.

The method of introducing the éene into cells in
the gene therapy includes a viral transfer method and
a non-viral transfer methed.

As the viral transfer method, the methed using a
retrovirus vector, for instance, can be usad it1 view
of the fact that the human pS5l gene is a foreign gene
which is exprassed in notrmal cells. As other virus

vectors, adenovirus vector, HIV (human
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immunodaficiency virus) vector, adenoco-associated virus
.(AAV) vegcetor, herpes virus vector, herpes simplex virus
(H8V) vector and Epstein-Barr virus (EBV) vector, ete,
can be mentioned.

The non-~viral gene transfer metﬁod includes the
calcium phosphate coprecipitation method; the
membrane~fusion liposome method which comprises fusing
DNA-ceontaining liposomes with an inactivated Sendai
virus as exposeaed to UV radiation for gene destruction
to construct membrane—-fusion liposcmes and introducing
the DNA into e¢ells by direct fusion with the cell
membrane [Kato, K., et al., J. Biol. Chem., 266,
22071-22074 (192921)1; the mathod whic¢ch comprises coating
the plasmid DNA with geld and introducing the DHA
physically into cells by high~valtage discharge [Yang,
N. . et al., Proc. Natl. Acad. Sci., 87, £568-9572
(19990)1; the naked DNA method in which the plasmid DNa
is directly injected into an organ er tumor in yivo

[Wolff, J. A., at al ., Science, 247, 1465~-1467 (1990) 1

the cationic liposome method in which tha gene entrapped
in multilamellar positively-charged liposomes are

introduced intec cells [Yagi, K., Advance in Medicine,
vol. 176, No. 98, 635-637 (1895)]; and the ligand-DNA
complex method in which a ligand which bindes a receptor

expressed on the target cells is coupled to the DNA so
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that the gene may be introduced exclusively into the
selected cells and not inte other cells and the
rasulting complex is administered [Frindais, et al.,
Trends Biotechnel., 11, 202 (1993); Miller, et al.,
FASBEB J., 8, 190 (1%98)] ameng otherxrs.

The ligand-DNA complex method mentiened above
ineludes the method which comprises using the
asialeglycoprotein receptor expressad in liver cells
as the target and an asialoglycoprotein as the ligand
[Wu, et al., J. Biol. Chem., 266, 14338 (1891); Ferkol,
et al., FASEB J., 71, 1081-1081 (1893)]1 and the method
which comprises uging the transferrin receptor
expressed at a high level in tumoer cells as the target
and transferrin as the ligand [Wagner et al., Prec¢. Natl.
Aacad. Se¢i., Usa., 87, 3410 (1990}]1, among others.-

Furthermore, the gene transfer method which can
be used may be a suitable combination of said biological
and physical gene transfer methods. As such a
cotebination method, there ¢an be mentiocned the method
in which a plasmid DNA having a given size is used in
csombination with a polylysine=-cgconjugated antibody
spacific to adenovirus hexon protein. Aceerding to
this method, the complex formed is bound to the
adaencovirus veetor and the resulting trimolecular

coemplex can be used to infect cells and thereby transfer
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the gene ¢«f the present invention. In accordance with
this method, effective binding, endogenization and
endosome degradation can take place before the DNA
coupled to the adenovirus vector 15 damaged. Moreover,
said liposome/DNA complex may mediate the gene transfer

The mathod of constructing a virus veactor for
tranefer of the gene of the invention and the method
of intreoducing the gene inteo the target cells or target
tissue are now described.

The retrovirus vector system comprises the virus
vector and helper gells (packaging cells). The helper
caells mentioned above are cells in which genes such as
retrovirus structural protein gag (the structural
protein in the wvirus particle), pol (reverse
transcoriptase) and env (shell protein) have been
expressed but have nct formed virus particles. ©On the
other hand, the virus vector has a packaging signal and
ILTR (long terminal repeats) but are deveid of structural
genes necessary for virus replication, such as gag, peol
and env. The packaging signal is a seguence serving as
the tag in the assembling of a virus particele and the
salective genes (nec, hyg) and the desired gene (pbl
gene or a fragment thereof) incorporated in the cloning

site are inserted in place of the virus gene. Here, in
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order to acguire a high titer of wirus particles, it
is important toc make the insert as short as possikle,
broaden the packaging signal by inc¢luding a part of the
gay gene and use care not to leave the ATG of the gag
gene.

By intreducing the vector DNA harboring the object
P51 gene into the helper cells, the vector gename RNA
is packaged with the virus structural praetein of the
helper cells to form and secrete virus particles. After
'the virus particle as the recombinant viru=s has infected
the target cell, the DNA reversae-transcribed fraom the
virus genome RNA is integrated inte the cell nucleus
and the gene inserted intoe the vector is expressaed.

As the method of impreoving the efficiency of
transfer of the object gene, the methed using a fragment
containing the cell adhesion domain of fibrenectin, the
heparin-binding site and conjugation segment can be
enployed [Hanenberg, H., et al., Exp. hemat., 23, 747
(1895) 1] .

As an example of the vector for use in the above
retrovirus vector system, the retrovirus derived from
mouse leukemia virus [Mce¢Lachlin, J. R., et al., Proc.
Natl. Acad. Res. Molec. Biel., 38, 91-135 (180)] can
be mentioned.

The method comprising using the adencovirus vector
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i now desaribed in detail.

Construction of said adenovirus vector can be
carried out in accordance with the methods of Berknex
[Berkner, K. L., Curr. Topics Hicrobiocl. Immunol., 158,
39-66 (1992)], Saetoguchi., ¥. et al. [Setoguchi, ¥.. et
al., Blood, 84, 2946-2953 (1994)]. Kanegae, H. et al.
[Experimental Medilicine, 12, 28-34 (19294)]., and Ketnar
et al. [Ketnerxr, G., et al.., Proc. Natl. Acad. Scidi., USA.,
891, 6186-6190 (19924)1.

For example., for the construction of a
nonproliferative adenovirus vector, the early gene El
and/or E3 gene regions of adenovirus are first removed.
Then, a plasmid vector harboring the object foreign gene
expression unit (consisting of the gene to be
transferred, which is the pS51 gene 1p the present
invention, a promoter for transcription of the gene,
and poly-A which imparts stability to the tramscript)
and a portion of the adepovirus genome DRA and a plasmid
harbaoring the adenovirus genome are used to
concurrently transfect cells, e.g. 293-cells. By
causing a bomologous recombination to take place
between the two and thereby suhstitute the gene
expression unit for E1, the nonproliferative adenovirus
vaector harboring the p51 gene accoxrding to the present

invention can be constructed. It is alsao possible to
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integrate the adenovirus genome DNA inte the cosmid
vactor to coenstruct a 3'-end adenovirus vector with the
terminal protein added. Furthermore, the YAC vector
¢an also be utilized inh the construction of a
rteconmbinant adenovirus vector.

The production of 2n adeno-associated virus (AAV)
vector is now briefly described. AAV was discovered as
a small-sized virus contaminating a culture system of
adenovirus. Of this virus, the parvevirus genus which
does not reguire a helper virus for replication but
proliferates autonomously in the host cell and the
dependvirus which requires a helper virus have been
confirmed. This AAV is one of the common viruses which
has a broad host range and infects a variety of cells.
ITts genome is a linear single-stranded DNA consisting
of 4680 nucleoctidez and the 145 nucleotides at eithexr
terminus has a characteristie¢ sequence called ITR
(inverted terminal repeat). This ITR region is a
replication initiatien point and plays the rocle of a
primer. Furthermore, this ITR is indispensable te¢ the
packaging to the virus particle and the integratien inte
the chromosomal DNA of the host cell. In addition, with
regard to the virus protein, the left-half of the genome
codes for a nenstructural protein, that is the

regulatory protein Rep which controls replicatien and
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transcription.

construction ef a recombinant AAV can be carried
out by utilizing the property of AAV to be integrated
with chromosomal DNA, whereby a vector for transfer of
the dasired gene can be constructed. More particularly,
in accordance with this method, a plasmid (AAV vector
plasmid} harboring the object gene to be transferred
{human pS1 gene) inserted between the remnant ITRs at
poth the '~ and 3'-ends of the wild type AAV is first
constructed. On the other hand, the virus protein
necessary for virus rxeplication and construction of the
virus particie is supplied from an independent helper
plasmid. It is insured that there will ke no nucleotide
sequence common to both plagmids 2o that a recombinant
wild—-type virus will not emerge. Then, both plasmids
are introduced by transfection into, for example,
283-cells, which are further infected with adenovirus
(which may be nonproliferative type when 293-cells are
used) as the helper virus, whereby the objective
recembinant AAV «f the nonpréliferative type is
produced. Since this recombinant AAV exists in the
nucleus, it is recovered by freeze-thaw and the
contaminant adenovirus is inactivated by heating at
56°C. Where necessary, the recombinant AAV ig isolated

and concentrated by ultracentrifugation with cesium
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chloride. In this manner, the objective recombinant
AAV for transfer of the ebject gena can bkbe acgquired.

Construction of the HIV vector can be cvarried cout
typically in accordance with the method of shimada et
al. [$himada, T., et al., J. Clin. Invest., 88,
1043~-1047 (1991)}.

Since the HIV virus specifically infects helper
T cells with ¢D4 as the receptor, a tissue~specific gene
transfer HIV vector adapted for specific introduction
of a gene into human CD4-positive cells can be
constructed. This HIV vector is optimal for the gene
therapy <f AIDS.

Censtruction of a recombinant HIV vector c¢can be
carried out typically as folleows. First, tha packaging
plasmid CGPE is constructed in such a manner that the
structural genes gag, pel and env and the control genes
(tat, rev, ete.) necessary for expression therecf may
be expressed with the cytomegalosvirus (CMV) promoter
and the human globin gene poly A signal {(peoly A). Then,
the vector plasmid HXN can be constructed g0 as to permit
efficient proliferation in €08 cells by inserting the
bacterial neomycin-resistant gene (necoR}) having a
promoter for thymidine kinase (TK) as&s a marker gene
between the two LTRs of HIV and further inserting a SV40

replicaticnh mechanism into the basal plasmid vector.
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As the above packaging plasmid CGPE and vector plasmid
HXN are concurrently introduced by tramsfectioen into
C0S8 cells, the ovbjective neocR gene-integrated
recombinant virus is produced and released into the
culture medium in & large gquantity.

Production ©f the EBV vector can bhe carried out
typically im acaoordance with the method of Shimidzu et
al [Shimidzu, N., Saibou Kougakun (Cell Engineering).
14(3), 280-287 {(1995)1].

The production of an EBV vector for transfer of
the gene of the present invention is now briefly
described. EB virus (Epstein-Barr wvirus: EBV) is a
virus belonging to¢o the bherpes family and wasg isolated
from cultured cells derived from Burkitt lymphoma by
Epstein and coworkers in 1964 [Kieff, E. and Liehowitse,
D.: Virology. 2nd ed. Raven Press, New York, 1990,
pp.1889~1920)]. The EBV has cell~transforming activity
and, therefore, in order that it may be utilized as a
gene transfer veoctor, the virus defective of this
tranforming activity must be prepared. This can be done
as follows.

Fhus, in the first place, an EBV genome close to
the target DNA with which the desired foreign gene is
to be integrated is cloned. With this clone, a foreign

gene DNA fragment and a drug-resistant gaene are
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integrated to prepare a vector for production of a
recombhinant virus. Then, the vector for construction
of a recombinant virus i1s excised with guitable
restriction enzymes and introduced by transfec¢tion into
EBV-positive Akata cells. The recembkinant virus
produced by the homologous recombination can be
recovered, together with the wild type Akata EEV,
through virus production stimulation by anti-surface
immunoglobulin treatment. This is used to infect
EBV-negative Akata cells and & resistant strain is
selected in the presence of the drug to oktain the
desired Akata cells infected exclusively by the
recombinant virus and free from the wild type EBV. Then,
by indueing virus activity in the recombinant
virus—-infected Akata cells, the objective recombinant
virus vector can be produced in a large quantity.
Producticoen of a nen-virus vector for the
introduction ©f the desired gene into target cells
without use of a recombinant virus vector can be carried
out by the gene transfer technigque using a membrane
fusion liposome preparation. This is a technigque such
that by imparting fusion activity to a membrane liposome
{a vesicle having a lipid bilayer structure), the
contents of the liposome are directly introduced into

the cell.
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Introduction of the gene by means ©¢f such membrane
fusion liposomes can be carried out typically in
accordance with the method of Nakanishi et al.
[Nakanishi, M., et al., Exp. Cell Res., 158, 399-499
(1985) ; Nakani=shi, M., et al., Gene introducticn into
animal tissues. In Trends and Future Perspectives in
Peptide and Protein Drug ﬁelivery (ed. by Lee, V. H.
et 21.) ., Harwood Academic Publishers Gmbh. Amsterdam,
1995, pp. 337-349].

This method of gene transfer by means of said
membrane fusion liposomes is briefly described below.
Thus, liposomes in which Sendai virus with its gene
inactivated by UV irradiation, the object gene and a
high molecular subkstance, such as pretein, have been
entrapped is fused at 37°C. This membrane fusion
liposcome has a structure called "pseudovirus" which
congists of a liposome-derived inner cavity and an cuter
spike structure similar to that of the virus envelope,
After purification by sucrose density gradient
centrifugatioen, the membrane fusion liposomes are
czuszsed to get adsorbed on the target cultured ¢ells or
tissue cells at 4°cC. Then, as the temperature 1is
increased to 37°C, the c¢oentents of the liposomes atre
introduced inte the cell, whereby the dasired gene can

be transferred to the target cells. The lipid for saild
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liposeome in this case is a synthetic phospholipid
composed of 50% (by mole) each of cholesterol and
lecithin and having a negative charge and is preferably
formed as a unilamellar liposome with a diametar of 300
nm.

As an alternative mathed of introducing the gene
inte the target cell by means of liposomes, the gene
transfer methed using cationic liposomes can ba
menticned. Thisg method can be practiced in accordance
with the mathod of Yagi et al. [Yagi, K., et al., B.
B. R. €., 196, 1042~-1048 (1983) 1. Thus, with attention
paid to the fact that plasmids and cells are both
negatively charged, a positive charge is imparted to
both the external and internal surfaces of the liposome
membrane so that the uptake of the plasmid is increased
Py static electricity to enhance the interaction with
the cells. The liposome nsed in this ¢case is preferably
a multilamellar large vesicle (MLV) having a positive
charge, although it is possible to use a large
unilamellar vesicle (LUV) or a small unilamellar
vesicle (SUV) to construct a complex with the plasmid
for introduction of the desired gene.

The method of preparing a plasmid~containing
cationiec MLV is briefly described below.

In the first place, a chloroferm sclution
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containing the lipid TMAG (N-(a-trimethyl-
ammeonicacetyl) ~didodecyl-D-glutamate chleride), DLPC
{dilzuroyl phosphatidylcholine}) and DOPE (dicleoyl
rhasphatidylethanclamine) in a molar ratio of 1:2:2 is
prepared (lipid concentration: 1 mM). Then, a total of
1 pmel of lipid is placed in a centrifuge tuke and the
chlaroform is distilled off under pressure using a
rotary evaporator to prepare a lipid thin film. The
Aresidual chlorofaorm is completely removed under reduced
pressure and the £film is dried. Then, 0.5 ml ef Mg and
Ca-containing Dulbecco'!'s phosphate-bhuffered szline
containing 20 ung of the gene transfer plasmid is added
and, aftex nitrogen purging, the mixture is stirred with
a vortex mixer for 2 minutes to give a suspension af
the gene-harboring plasmid-containing cationic MLV.
The following is an example of use of the
plasmid-containing cationice¢ MLV as a gene therapy agent.
For example, the expression plasmid integrated with the
FDNA of the cbjec¢t gene is entrapped in an amount of
0.6 g as DNa per 30 nmole of liposome 1lipid in the above
cationic MLV and the lipasomes are suspended in 2 nl
of phosphate-buffered saline. This suspension is=
administered to the target cells extracted from the
patient or the target patient tissue every other day.

In this connection; in the guidelines established
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by the Ministtry ©f Health and Welfare of Japan, the gene
therapy is defined as "to administer a gene or a
gens—-integrated ecaell into the human body for the therapy
cof a disecase™. However, the gane therapy in the context
of the present invention encompasses net only the
therapy falling under the above definition but alsoe the
therapy of various diseases inclusive ©of eancer which
comprises introducing a gene chatracterized as a tumor
suppressor gene, such as the human p51 gene, inte said
target cells and the practice whic¢h comprises
introducing a marker gene or cells integrated with such
a marker gene into the human body.

In the gene therapy acceording toe the present
invention, the metheod of introducing the cbject gene
into the target cells or tissues includes the felleowing
two representative methods.

The first method comprises iseclating the target
cells from the patient to be treated, graowing the cells
extracorporeally, for example in the presence of
interleukin—-2 (IL-2) or the like, introducing the p51
gene ligated to the retrovirus vector inte the cells,
and retransplanting the resulting cells {(ex vivo
method) . This method is suited for the therapy of ADA
deficiency syndrema, hereditary diseases and cancers

associated with defective genes, AIDS, and cthex
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disecases.

The second method is a direct gene transfer maethod
which comprises injecting the object gene (human pSi1
gene) directly into the patient's body or target site,
guch as a tumor tisszue (direct method).

More particularly, the above first mathed of gene
therapy can be c¢arried ocut typically as follows. Thus,
the mononuclear cells iscolated from the patient are
saeparated from monecytes with a blood separator, the
harvested cells are cultured in the presence of IL-
2 in a suitable medium such as AIM-V medium for abeut
72 hours, and the vector harboring.the gene to ke
introduceaed {(human p51 gene) is added. For enhanced gene
transfer efficiency, the systaem may be ¢entrifuged at
2500 rpm in the presence of protamine at 32°C for 1 hour
and incubated under 10% carbon dioxide gas at 37°C for
24 hours. After the abhove procedure is repeated a few
times, the cells are further cultured in the presence
of IL-2 in AIM-V or ¢ther medium for 48 hours. The callis
are washed with sgaline, viable ¢ells are counted, and
the gene transfer efficliency is evaluated by carrying
cut said in gitu PCR or, when the object function is
enzymatic activity, assaying the activity to confirm
the gene transfer effect.

In addition, a safety check comprising culture of
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the bacteria and fungi contaminating the cultured cells
and testing for myceoeplasma infection and for andotoxin
is carried cut to confirm safety. Then, the cultured
gells integrated with a predicted effective dose of the
gene (human p51 gene) are returned to the patient by
intravenous drip injection. This procedure is
repeated at an interval of a few waeeks or a few months
for gene therapy-

The dosage of the virus vector can be judiciously
selectaed according te the kind of target cell. Usually,
in terms of virus titer, a doge within the range of 1x10°?
cfu ~ 1x10° cfu is used per 1x10% target cells.

An alternative vergion of the above first method,
which can be employed, comprises c¢o-eculturing
virus-producing cells centaining a retrovirus vector
harbaring the desired gene (human p5l gene) with, for
example, the patient’'s cells toe introduce the gene
(human pS5l1l gene) inte the target cells.

In carrying cut the secend method of gene therapy
(direct method), a preliminary experiment,
particularly an ex vive experiment, is preferably
performed to confirm whether the object gene (human ps&1
gene) may be actually transferred or not by a PCR of
the vector gene c¢DNA ¢r an in situ PCR assay or confirm

the desired effect o©of therapy resulting frem the
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tranasfer of the object gene (human p51 gene), for
example an elevation in specific activity or an
enhancement or suppression of growth of target cells.
Furthermore, when a virus vector is used, it is, of
coursa, important, in conducting a gene therapy, to
confirm the safety of introduction of the gene by
carrying out the PCR to search for preliferative
retreovirus, determining the reverse transcriptase
activity, or monitoring the membrane protein (env) gene
by a PCR technique.

When the methoed of gene therapy according to the
present invention is applied to ¢ancers or malignant
tumors in particular, a typical protecel for cancer
therapy may comprise iscelating cancer c¢ells froem the
patient, treating the ¢cell= with an enzyme or the like
te eastakblish a cultured cell line, introducing the
desired gene into the target cancer cells by means of
retrovirus or the like, carrying cut a screening with
G418 cells, determining the amount of expression of
IL-12 or the like {(ip viye), subjecting the cells to
radiation treatmant, and ineculating the cells into the
patient's tumor o©or paratumer.

The herpes simplex virus-thymidine kinase
(HSV~-TK) gene reportedly causesg cell death due to

division aging, particularly by <¢oenverting the
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nuclectide analog gancyclovir (GCV) to a toxic
intaermediate, and there is known a gene therapy using
thia gene in tumers [US Patent 5631236; JP Kohye
H9-504784]. This method is a method of gene therapy
which utilizes2 the phencoménon that when cells capable
of producing a retrovirus vegtor harboring said HSV-TK
gene, known as a suicide gene, are injected and, one
week later, the antiviral agent GCV is adminigtered,
the GCV in the gene~transformed cells is activated by
phosphorylation o induce death of these cells and death
of the surrounding non—-gene-transferred calls due to
gall contact threugh the gap junction. The gene
transfer vector of the invention or cells containing
this vector can be used in the above gene therapy as
well.

An alternative method of gene therapy comprises
preparing immuncliposomes containing the gene (human
p51 gena) coupled toe the antibody capable of coupling
to the target cell surface to introduce the entrapped
¢DNA into the target cells selectively and with good
efficiencay. Feasible as well is a gene therapy which
comprises administering said cytokine gene-harhering
virus vactor and said suicide gene-harboring adenavirus
at one and the same time. Thezse methods invariably fall

within the expertise of those skilled in the art.
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(7)) Pharmaceutical conpasition for gene therapy

The present invention further provides a
pharmaceutical composition or agent (gene-therapeutic
agent) comprising a pharamcologically effective amount
of cells tao which either the gene transfer wvector or
the object gene (e.g. human p51 gene or the like) aof
the invention has been transferred as an active
ingredient together with a suitable nontexic
pharmaceutical carrier or diluent.

The pharmaceutical carrier which can be formulated
in the pharmaceutical composition (preparation} of the
present invention includes the conventional diluents
and excipients, such as £iller, volume builder, binder,
humeactant, disintegratoxr, surfactant, lubricant, etc.,
which are comnmonly employed according te the mathod of
use of the preparaticon and these carriers can be
selectivaely used with raeference to the desired unit
dosage form.

The unit dosage form for the pharmaceutical
compoasition of the present invention includes the same
dosage forms as those mentioned for the p51 protein and
can be judicicuszsly selected according to the
therapeutic objective.

For example, a pharmaceutical preparation

containing the gene transfer vecter of the invention
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can ke provided in the form of said vector entrapped
in liposomes or in the form of cultured cells infected
with a virus containing a retrovirus veator harboring
the cobject gene.

These can be prepared as saelutions in
phosphate-buffered saline (pH 7.4), Ringer's injection
or an intracellular fluid composition injection, for
instance, or in such a form that it may be administered
together with a substance capakle ¢f enhancing the
efficiency of gene transfer, such as protamine.

The method of administering the above
pharmaceutical preparation is not particularly
raestricted but is selected according to the dosage feorm,
the patient's age, sex and other factors, the severity
¢f illness, and other conditiens.

The amount of the active ingredient to be
incorporated in gaid pharmaceutical composition or
preparation are not particularly restricted but ¢can be
liberally selected from a broad range according teo the
desired therapeutic effect, administration method,
duration of treatment, the patient background inclusive
of age and sex, and other conditions.

Genarally speaking, the daily dose of the
gene-harboring retrovirus vector as a pharmaceutical

preparation per kilogram body weight may for example
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ﬁe about 1x10% pfu to 1x10*® pfu in terms of retrovirus
titer.

In the cage of cells to which the ockject gene has
been introduced, the dosage may be judiciousiy selected
from the range of about 1x10° cells/kbody te about 1x10**
cells/body-

The pharmaceutical product can bae administered
once a day or in a few divided doses a day, and may be
administered intermittently, for example one to several
weeks apart. Moreover, it can be advantageously
administered in combination with a substance capable
of enhancing the efficiency of gene transfer, such as
protamine, ¢or a pharmaceutical preparation containing
said gubstance.

When the gene therapy of the present invention is
applied to the treatment of a ecancer, the various
methads of gene therapy mentioned above may be used in
a suitable combination (combination gene therapy)
and/eor in c¢ombinatien with the conventional cancer
chemotherapy, radiation therapy, immunoctherapy and/or
other therapy. Furthermore, the gene therapy
according to the present invention can be carried out
with reference to the NIH Guidelines, inclusive of the
safety aspect thereof [cf. Recombinant DNA Advisory

cCommittee, Human Gene Therapy, 4, 365-389 (1993)1].
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(8) Application to tumor diagnosis

In acceaerdance with the present invention, the
presence of a mutant pS5l gene which promotes
tumorigenaesis in human cells can be detected by the
procedure which comprises preparing a blood, serum or
cthar bioclogical sample, opticonally extracting the
nucleic aaid, and analyzing it for the presence or
absaence of a sensitive mutant pS1 gene. Furthermaore,
in accordance with the present invention, the existence
of a neoplastic change in cells or tissues, a marker
of progression te a prodromal state of malignahey or
a4 prognostic marker can ke detected by the procedure
which comprises preparing a disorder-containing
kRiocological sample and analyzing it for the presence or
absence of a neoplastic mutant pSi gene. By the above
procedure, the presence of a neoplasm in cells or
tissues, a marker of progression to a prodromal state
of malignancy or a prognostic marker can be detected,
thus allowing to establish a diagnosis, for example the
diagnosis of a cancer, evaluate the effect of a cancer
therapy, or predict the prognosis of the cases.

According to this detection method, based on the
mutant p51 gene information cbtained from a tumor-—
bearing patient sample, for example on the infermation

about the mutation site of the p51 gene and the mutant
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sequence information, the relavant mutant DNA £fragment
is prepared and designed so that it may be uszed in the
screening for the mutant gene and/or the amplification
thereof. More particularly, the probe for use in plague
hybridization,colonyhybridization.Southernblotting.
Northern blotting. eto. or the probe for BCR
amplification of the mutant DNA fragment <¢an bhe
constructed. ¥For such purposes., a primer having the
same sequenae as the mutation is first prepared and
reacted, as a screening probe, with a bioclogical sample
(nucleic acid sample), whereby the presence of a gene
having a mutated p51 gene sequence can be confirmed.
To facilitate detection of the target segquence, said
nucleic acid sample may be prepared by utilizing various
techniquessuchas]ywis,restrictionenzynedigestion,
electrophoresis or dot blotting.
Referringin:thescreeningnethodmentionedabove.
the nge of a PCR mathed is partiocularly preferred from
the standpoint of sensitivity. and this methad is not
particularly restricted inasmuch as the mutant p51
fragments are used as primers. Fhus. any of the
hitehrto-known techniques [Scilence, 2290. 1350-1354
(1985)]1 and versions of PCR which have been newly
developed or will be used in future [Sakaki, ¥ et al.

{ed): Experimental Medicina, Supplemental Issue,
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8§(9) (1990), Yodo-sha; Protein, Nucleic Acid and Enzyme,
Special Supplemental Issue, 35(17) (1980}, Kyoritsu
Shuppan] can be employed.

The DNA fragments for use as primers are chemically
synthesized eligeDNAs, and these oligoDNAs can be
synthesized by using an automated DNA synthesizing
hardware, such as the DNA synthesizer Pharmacia LKB Gene
Assembler Flus {Pharmacia). The length of the primer
so synthesized (sense primer or antisense primer) is
preferably the equivalent of about 10~30 nucleotides.
The probe for use in said gareening is usually labeled
but may be an unlabeled one, and the detection may be
made either directly or indirectly by specific binding
with a labelad ligand. The suitable lakel and the
methaod ¢f labeling the probe or the ligand are known
to these skilled in the art, and the radicactive label,
biotin, fluorescent greoeup, <¢chemiluminescent grocup,
enzyme, antibody, etc. which can be incorpoarated by the
known technigues such as nick translation, random
priming or kinase treatment are alsc included in the
relevant technelogy.

The PCR method for use in said detection includes
RT-PCR, for instance, and various modifications of PCR
which are used in the art can be applied likewise.

It is also possible te detect the wild type pb51l
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gene and/or mutant pS51 gene and gquantitate the DNAs of
these genes. This technology includes bhut is not
limited to the compatitive assay such as ME8A [Kinoshita,
M. et al., €CA, 22B, 83-%0 (1994)] and PCR-SECP which
is known to be a mutation datecting technique utilizing
the change in mehility asscociated with a change in the
higher~order structure of a single~-stranded DNA [Orita,
M. et al., Genomics, £, B74-879%9 (18889)].

The above analytical methods menticned by way of
example can be carried out as follows. For example, one
‘or & plurality of primers containing the mutation of
p51 (e.g. the mutated seguence based on site mutation
information obtained from & cancer patient or the like)
are first prepared and hybridized with the DNA obtained
from a biclogical samnple. Then, the mobility and peak
area measured by SSCP analysis of the standard wild type
p51 DNA fragment are compared with the mobility and peak
area in the test sample as the product of amplification
using said primers to thereby detect the mutation in
a specific region of pfl and simultaneocusly gquantitate
the product of mutation.

The test sample containing the mutant p51 gene to
be measured is not particularly restricted inasmuch as
it contains said mutant gene, thus including various

bPioclegical materials such as blood, serum, urine and
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excisaed tissues. The mutant p&l1l gane ¢can be extracted
from such test samples, purified and prepared in the
routine manner. Therefore, by comparing the mobility
of sajid standard DNA fragment of the invention, as
determined in advance, with the moebility of the
amplification product in the tast sample as obtained
in the PCR amplification of the p51 DNRA of the teegt sample
using a mutant p51 primer pair, the mutation in a
specific region of pEl DNA can ke detected expediently
and accurately.

Furthermore, when standards established in known
steps of gquantity are used, the guantitation of the
mutant p51 in the test sample can be made at the same
time by comparing the peak areas of the standards with
the peak area of the amplification product of pS1 DNA
in the test sample in the PCR amplification step using
the mutant primer set mentioned above. The primer set,
standards, PCR-SSCP analysis and detection means can
be liherally maodified by those skilled in the art and
the present invention encompasses such modifications,
of course, inasmuch as the sequences of the wild type
51 gene and mutant pbl genes are employed.

The above assay tedchnecloegy according to the
presgsent invention is how described more specifically.

To begin with, the DHA is extracted from the serum of
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a cancer patient by the routine procedure such as alkali
or acid treatment. Then, a primer set comprising a
minus chain partial sequence of a defined length
coneisting in a part e¢f the nuclecotide seguence
(145-1488) shown under S8EQ ID NO:1 and a plus <¢hain
partial sequence of a defined length consisting in a
part ¢f the fluorescent-labeled nucleoctide seguence
{145-1488) as well as a heat-resistant DNA polymerase
are caused to act on the DNA soclution obtained above
to amplify the labeled DNA fragment.

On the other hand, one or a plurality of DNA
fragments containing a2 mutant sequence chemically
synthesized acdording to the p531 site mutation
infoermation obtained from, for example, a cancer
patient are respectively integrated in plasmid vectors
and E. goli is transformed. After mass culture and
purification, the purified reaecombinant plasmids are
used to prepare e.g. 10° copy, 10* copy. 1¢* copy, 10°
copy, 107 copy and 10° copy standards. Said primer set
comprising a minus chain partial sequence censisting
in a defined partial sequence of =zaid nuclectide
seguence (14%5-1488) and a plus chain partial seguence
consisting in a defined partial seguence of the
fluorescent-labeled nuclectide sequence (145-1488) as

well as a heat-resistant DNA polymerase to amply the
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lakbeled DNA fragment. The sclution ¢f DNA amplified
above is heated at about 95°C for about 5 minutes, then
immediately cocled on ice, and a €8CP analysis ig
perfoermed using an automatic seguencer, such as ALF
Automatic Seguencer (Pharmacia}, wherekhy the
fluorescent peak can be detected. Phoresis in this SSCP
analysis is performed preferably at about 30°ct1i°¢.

The peak (mobility) of the DNA obtained frem the
patient’s serum is comparxed with the peakse (moebilities)
of the standards and the peak in agreement with a
standard is ascertained from the migration time. In
this mannetr, the type (kind) of mutation ¢f the patient
p51 can be ascertained. Morecocver, by calculating the
peak areas of standards and constructing a standard
curve, the pS1DNA cath ke quantitated from the calculated
peak area of the patient's DNA.
() Methoed of detecting mutation ¢f the pS51i gene and
various assay methods

The present invention, therefore, provides an
expedient test protoecol for the concurrent detection
and guantitation of mutatien in a given region of p51l
DNA in the test sample through the above measurement.

The assay methoed ¢f this invention can be carried
out canveniently by utilizing a reagent kit for

detecting the wild type p&l gene and mutant p51 gene
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in a sample.

Therefore, the pregent invention further provides
a reagent kit for detection of wild type pbl and mutant
r51 characterizad by its comprising said wild type p51
DNA fragment and mutant p&l1 DNA fragment.,

This reagent kit, inasmuch a® it contains a DNA
fragment capable of hybridizing with a part or the whole
of the nucleotide seguence (145-1488) shown under SEQ
ID NO:2 or its complementary oligenucleoctide segquence
or a DNA fragment capable of hybridizing with a part
or the whole of a mutant sequence of the nucleotide
seguence (145-1488) or a nuclectide seguence
complementary to said segquence, may c<¢ontain other
components such as a labeling agent, reagents essential
to PCR (e.g. TagDNA pelymerase, decoxynucleotide
triphesphate, primers, etc.). In lieu of the
nucleotide sequence (145~-1488) shown under SEQ ID NO:2,
the nucleotide sequence (145-2067) shown under SEQ ID
NO:5 can be used.

As the labeling agent, a radio isoctope or a
chemical modifier such as a flucrescent subkbstance can
be employed, although the DNA fragment itself may have
been conjugated with the labeling agent in advance.
Moreover, this reagent kit may further comprise a

suitable reaction diluent, standard antibody, buffer,
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washing se¢lution, reaction stopper, etc. for
convenience in carrying out an assay.-

The present invention further provides a mathod
of diagnosis using said assay technique and a diagnostic
agent and a diagnostic kit for use in said method of
diagnosis.

rurther, by direct or indirect seguencing of the
mutant p81 sequence cobtained from the test sample by
the above procedure, it is possible to discover nevel
pSl-related genes having high homolegy to the wild type
p51.

The present invention, therefore, further
provides a methed of screening feor human pSl-related
genes in te=t samples through the above-described assay
and sequencing of mutant p51 DNA in such test samples.

Furthermore, the wild type p5l1 and/or mutant psl
c¢an be identified by synthesizing the protein encoded
by the human pS51A gene cof BEQ ID NO:1 or the preotein
corresponding to the amine acid sequence derived from
the sequence of SEQ ID NO:1 by deletion, substitution
or addition of one or a plurality of amince acids or a
partial sequence thereof, or synthesizing the antibody
against any of such proteins. Furthermore, in lieun of
the protein encoded by said human p51A gene, the protein

encoded by the human pS1B gene shewn under SEQ ID NO: 4
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cann be used.

Therefore, the present invention provides a mathod
for assay @f antibodies against wild type pbl and/or
mutant p51 and for assay of the antigen. By this assay
method, the degree of neoplastic disturbance or the
malignancy of a malignant tumor can be estimated based
on the change in the wild type p51 protein. The change
mentioned akove can be determined by pSl sequence
analysis by said routine technology but meore preferably
the change in the p51 protein or the praesence or absence
of the p5l1 protein is detected using an antibody (a
poelyelonal antibody or a monoclonal antibody). A
specific example of the assay method of the invention
is as folleows. With the P51 antibkbody, the p51 protein
can be immunoprecipitated frem a soclution centaining
a human biclogical material isclated from 3 human being,
such as blood or sarum, and the antibedy can be reacted
with the p51 protein on a peolyacrylamide gel Western
blot or immunoblot. Moreover, with the p51 antibeody,
the pb1l pretein in a paraffin section or frozen tissue
secticn ¢an be detected by an immuncochistochemical
technigue. The technology for antikbody production and
purification is well known in the art and the known
technigues can be gselectively employed.

The preferred specific modes of practicing the
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method of detecting the wild type p51 or a mutant thexrcof
include enzyme-linked immunosorbent assay (BLISA)
inclusgive of the sandwich technigque using a monoclonal
antibody and/oer a mognoclonal antiboedy,
radioimmunocassay (RIA)., immunoradiometrix agssay {IRMA)
and immunoenzymometrix acsay (IEMA).

Furthermoré, in acocordance with the present
invention, 1t is alsgo posslble to provide a cell
membrane fraction having p5S1l-bhinding activity for the
p51 protein oxr the p&sl receptor present on the cell
suxface. To acgquire said p51 receptor, the labeled p51
protein ia conjugated in a biclogliocal sample containing
the cell membrane fraction, the resulting p51 conjugate
is isolated by extraction and purified, and the aminoc
aclid seguence of the Aisoclate is determined- The
acgquigsition and seguencing of this p51 receptor protein
fall within the expertise of one gkilled in the art.
(10) Application to drug screening

The presént invention can be applied to the
screaning for compounds (p51 receptor reaction
products: the compound may be a low molecular compound.
a high molecular compound, a protein, a protein fragment,
an antigen, an antibody or the like) by uging the ps51l
receptor polypeptide or a binding fragment thercof for

the screening of vardious drugs. Preferahly, the p51
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receptor pretein is utilized. The p51 receptor
polypeptide or its fragment for uee in such a sereening
test may be immobilized on a solid suppert or used in
the form of a suspension in a fluid carried to the cell
surxface. Te mention an example of drug screening, host
eucaryotic or procaryoctic cells transformed stably with
a recombinant polypeptide and expressing the
polypeptide or its fragment can be utilized, preferably
in a competitive binding assay. Moreover, such cells
in tha free or immobilized state can be used in a standard
binding assay. More preferably, the formation of a
complex between the pS51 receptor polypeptide or its
fragment and a test substance is guantitated teo detect
the degree of inhikition of said formation of a complex
hetween the pSl receptor polypeptide or fragment and
the p51 polypeptide or fragment by the test substance
is detected, whereby the screening for a compound can
ke accomplished.

Thus, the presgsent invention provides a method of
drug screening characterized by contacting such a
substance with the pS1 receptor polypeptide or a
fragment thereof by a per se known technigue and, then,
detecting the presence of a complex between =said
substance and said p51 receptor polypeptide or fragment

or the presence of a complex between said p5l1l recepter
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polypeptide or fragment and a ligand. Further, the p&1
receptor activity is measured ta see whether said
ceubstance may antagonize the p51 recepteor te exhibkit
the p51 activities definad hereinbefore, for example
the activity to modify the cell cycle or modulate the
inductioen of apoptosis. Specifically, in carrying out
such a competitive binding assay, the pS51 recegtor
polypeptide or its fragment is labeled. The free p’l
recaptor peolypeptide or fragment is separated from the
protein-protein complex. Then the amount of the free
label (non-complex—forming) can be a measure of the
pinding between the factor to be assayed and the pS51l
recaptor or inhibition of the p51 receptor-pSl
polypeptide binding. The small peptide (pseudo-
peptide) of the pb1l polypeptide is thus analyzed, and
the one having p51 receptor inhibitory activity is
determined.

Another drug secreening method of the present
invention is a method of screening for compounds having
an adequate binding affinity for the p85l receptor
polypeptide. Briefly, a large number of different
peptide test compounds are synthesized on solid
supports such as plastic pins or oether surfaces. Then,
the peptide test compounds are raacted with the p51l

receptor polypeptide, feoellowed by washing. Then, the
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reacted and bound p51 receptor polypaptide is detected
by a per se known technique [PCT: WOB4-03564]. The
purified p5l receptor can be directly aoated on a2 plate
for use in said drug scfaening. However, the p51
receptor peolypeptide can be immobilized on a selid phase
by antibody supplementation using a non-neutralizing
antibody against the pelypeptide. Furthermore, thae
present invention is directed to a competitive drug
scraeaening assay in which a neutralizing antibedy
specifically binding the pSl receptor polypeptide and
2 test compound are caused to compete with each eother
for the binding to the p5l1l receptor polypeptide or
fragment. By this competitive assay usging the antibody,
the presence of peptides having one cor mere epitopes
oxr antigenic determinant sites of the pSl1l recaptor
polypeptide c¢an also be detected.

Referring, further, to drug screening, a still
another method comprises the use of a host euecaryotic
cell line or cells containing a nonfunctional p61 gene.
Thus, after the host cell line vor cells are allowed to
grow in the presence of a drug compound for a
predetermined time, the proliferation rate of the host
cells is measured to sea whether the compound may
medulate apoptosis or the cell eycle. As a means for

measuring the preliferation rate, it is posszikle to
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measure the biolegical activity of the pSl recaptor.

Moreover,inaccordancewiththepresentinventicn,
for the purpose of developing the more active or stable
p51 polypeptide derivatives or drugs which will

petentiate or interfere with the function of the pS51

pelypeptide in viveo, various interactivae bioclogically
active polypeptides or structural analogs, e.g. pS1
agonists, p51l antagonists, p51 inhibitors, etc., can

be constructed. such structural analegs c¢an be

characterized by, for example, analyzing the three-
dimensional structures of complexes baetween pbl and

other proteins by X-ray crystallography, computer

modeling or a combination of such techniques.
Furthermore, the information en structural analeoegs can
alsoc be generated by protein modeling based on the

structures of hemalogous proteins.

The methoed of cbtaining the still more active or
stakble pS5l polypepgide derivatives may for example
invelve an alanine scan analysis. In this methed, Ala
is substituted for each amino acid rasidue and the
effect of substitution on peptide activity 1is
determined. Each amino acid residue in a peptide is
thus analyzed and the region or regions of impoxrtance

to the activity or stability of the peptide are

determined. By using this methed, the meore active or
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stable p51 derivatives can bea designed.

It is alseo possible te isolate the target-specific
antibody selected by a funstional assay and analyze its
crystal structure. As a rule, a pharmacore providing
the basis for further drug design can be ocbtained by
this approach. It is possible to identify or isclate
a peptide from a chemically or biclogically conastructed
peptide bank by causing formation of an anti-ideotype
antibody against & functional pharmacocactive antikody.
Therefore, the smeclected peptide is also expected to
serve as a pharmacore.

In this manner, drugs having improved p§1 activity
er stability or drugs acting as inhibitors, agonists
or antagonists of pbl activity ecan be designed and
developed.

In accordance with the c¢loned p51 sequence, a
sufficient amount of psl peolypeptide can be procured
and submitted to X-ray cerystallographiec and other
analytical research. Furthermore, tha pS1i protein
having the amino ac¢id sequence of SEQ ID NMO:1 as provided
by the present invention enables establishment of a
computer modeling preogram which may take the place of
X=ray crystallography or supplement the latter
technigue.

Furthermore, by constructing a human p51 gene-
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bearing knockout mouse (mutant mouse) in accordance
with £he present invention, it is possible to detect
which sites of the human pb51l gene seguence will
influence said various pSl ac¢tivities in ¥ive, that is
to say what functiens the p51 gene product and mutant
P51 gene products will have in vivo.

This is a technology to intentionally modify the
genetie information of organisms by utilizing
homeologousz recombinations of genes, and the method
using mouse embryonic stem cells (ES8 c¢cells) can be
menticoned as an example [Capececchi, M. R. Science, 244,
1288-~1292 (1989)1.

The method of constructing suceh mutant mice as
above is well known to those skilled in the art, and
by applying the human wild-type p51 gene or mutant pt1
‘gene of the present invention to the above technelegy
as modified (Noda, T. (ed.), Experimental Medieine,
Supplemental Issue, 14(20) (1996}, ¥Y&do-sha), mutant
mice can be easiliy established. Therefore, by
utilizing the above technelogy, drugs having improved
P61 activity or stabkility or drugs acting as inhibitors,
agonists or antagenists of pS1 activity can be designed
and developed.

The préesent invention comprises the follewing.

1. A methoed ¢f inhibiting tumorigenesis which comprises
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transferring the pbl gene to tumor cells.

2. A methoed of inhibiting tumorigenesis which comptrises
transfarring the p51 protein to tumer cells.

2. A pharmaceutical composition comprising the pS1 gene
or an eguivalent therecf and a pharmaceutically
acceptable carrier.

4. A pha:maceutical composition comprising the pSl
pretein or an eguivalent therecf and a pharmaceutical
acceptable carrier.

5. A drug for gene therapy which ecomprises the p5l gene
or an eguivalent thereocf as an active ingredient.

6. A cancer diagneostic reagent comprising the P51 gene
or an eguivalent thereof.

7. A cancer diagnostic reagent comprising the pS1
protein or an equivalent thereof.

8. A method of seresning for p51- or p53-related genes
which comprises using the p51 gene or an equivalent
_thereof.

9. A method of screening for inhipitors of cell
tumerigaenesis which comprises using the p51i gene oxr an
equivalent thereof.

10. A method of screening for pS51 gene inducers and/ox
inhibitors which comprises using the p51 gene or an
equivalent thereof.

11. Use of a pS1 gene inducer and/or inhibitor selected
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by the above screening in the therapy of diseases
arising from pS51 gene expression abnmormality.
E AR
The following examples and experimental examples

are further illustrative of the present invention. It
should. however, he understood that the scope of the
invention is by no means restricted by these examples
and experimental examples.
Example 1 IYsolation of the human pS5S1 gene
(1) Cloning and DNA seguencing of the human pSl gene
(a) The present inventors carxrried out a PCR
amplification using the following p73-F1l sense primer
and p73-R1 antisense primer and then a second
amplification by a nasted PCR using the followling p73-F2
sense primer and p73-R2 antigsense primer.

p73-Fl: 5*'-TA(CGT)GCA(CGT)ARA(G)ACA(CGT)TGC(T)CC-3"

p73-Rl: 3 -TGC(TIGCA{(CGT)TGC(T)CCA(CGT)GGA(CLGTIA(C)G-5"

Pp73-F2: 5°'-TA(CGT)ATA(CT)A(C)GA(CGT)GTA(CGT)GAA(G)GG-3"'

p73-R2: 3'-ATGAAC(T)A(C)GA(CGTIA(C)GA(CGT)CCA(CGT)AT-5"

More specifically, £rom the human skeletal muscle

polyA+RNA (Clontech), the ¢DNA was synthesized using
a random primer and an o0ligo AT primer. Then, & CDNA
library consisting of about 10’ plagues as canstructed
using ZipLox (Gibco BRL) as the vector was amplified

and the DNA was extracted. Using 0.2 g of the cDNA as
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the template and said p73-F1 and p73~R1 as primers, an
amplification reaction was carried out in 256 cycles of
84°¢, 30 sec., 45°Cc, 30 sec. and 72°¢C, 30 see¢ in
accordance with the Tag Polymerase (Gibc¢o-BRL} manual.
Then, using 1/100 of the amplification product as the
template and said p73-F2 and p73-R2 as primers, a
further amplification was carried out under the same
conditions.

Since a band of 172 bp as deduced from the structure
of the p53 gene was c¢btained, a restriction enzyme
cleavage map of the band was prepared. As a result, the
presence of a gene other than the p53 gene was detected.
fhis band was subcloned in pGEM7 (Promega) and using
ARI377 Automatic Seguencer (AB1l), the nucleotide
sequence was determined in the routine manner. As a
result, it was found to be a DNA fragment derivéd from
a novel gene which resembles the p53 gene but has a
different novel nucleoctide sequence.

separately, a similar analysis was carried out
using <eDNA liprariesg derived from other organs (e.g.
hrain). Ag a result, a DNA fragment derived from a
further different novel gene resembling the p$3 gene
was detected but it was found to kbPe a fragment derivead
from the p73 gene.

This subcloned DHNA £fragment was excised and using
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the BocaBest labeling kit (Takaxa), a labeled probe was
constructead. The plague hybridizatiom assay of an
unamplified library of 2.4x10° plaques aa constructed
using the oligo dt primer alone in otherwise the same
manner as in the construction of said cDNA library gave
8 positive clones. Since A ZipLox can be easily
converted toe a plasmid using the Cre-LoxP system,
sequencing of the plasmid obtained by conversion was
carried out in the routine manner using LICOR's
avtomatic sequencer and ABYI377 automatic seguancer
(ABI).

Then. between the nucleotide sequence of the gene
obtained and the nucleotide s=equences of the p53 and
p73 genes, a homology search was made with FASTA Program
using GCG software (Wisconsin Sequencing Package,.
Geneticg Computer Group) [Person., W. R. and Lipman, D.
J., Proc. Natl. Acad. Sci. U.S.A., 85, 1435-1441
(1988)1.

As the result of said homology search, two of the
clones selected by the above method and seguenced were
found to have high homology with respact to the p53 gene
and p73 gene. The molecular masses calculated £from the
deduced amino acids encoded by the gene sequence of
these 2 clones were 50,894 Da and about 71,900 Da.

respectively. The present inventors named thase
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clones p51lA and pS1B, respectively.

The full-length nucleoctide sequence of the gene
{p51a gene)} possessed by the p51a claone obtained as
above isg shown under SEQ ID NO:2 and the full-length
nucleotide gseguence of the gene (p51B gane) posgessed
by the p51B clone is shown under SEQ ID NO:5.

As shown undexr SEQ ID NO:2, the p51A clone was found
to have a gene having a nucleotide segquence (1344
nucleotides) coding for the amino acid sequence (448
amino acids) of SEQ ID NO:1, as an open reading frame
in the 145th - 1488th position. Moreover, the deduced
amino acid seguence encoded by the nucleotide geguence
of the gene possezsed by this clone had a
transcriptional ac¢tivation domain in the 1st ~ 59%th
position, the DNA binding domain in the 142nd -~ 321st
position, and the ocligomerization domain in the 359th
- 397th position.

On the othexr hand, as shown undear SEBQ ID NO:S5, the
p51B ¢lone was found to have a gene having a nucleotide
saquence (1923 nucleotides) coding for the aminoc acid
eequence (641 amino acids) of SEQ ID NO:4, as an open
reading frame in the 145th ~ 2067th position. Moreover,
the deduced amino acid sequence encoded by the
nucleotide saegquence of the gene possessed by this clone

had a transcriptional activation domain imn the
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ist ~ Sgth position, a DNA binding domain in the 1l4Znd
~ 321st peoesition, and an cligomerization pesition in
the 353rd ~ 397th position. Furthermore, this segquence
was found to have an additional sequence (SAM domain)
in the C-terminal region and the 353rxd -~ €41t region
inelusive aof this additional sequence could be regarded
as an cligomerization domain in a broad sense of the
term.

The amino acid seguence encoded by the pS5iAa gene
of the inventiocnh was compared with the amino acid
sequences of the p53 pretein and p73p protein for
homeleoegy comparison among the three segquences (Fig. 2} .
in the diagram, the amino acids common to the 3 sequences
are boxed.

Fig. 1 is a schematic diagram showing features of
the structural domains of the pbi1la protein along with
those of the p53 protein and p73p protein. In the
diagram, "TA"Y repraesents a transceriptional activation
domain, "DNA bkinding® represents a DNA-binding demain,
and "Oligo'" represents an origomerization demain. The
structural features of the p5l1 protein and p73p preteaein
ware deduced from the struc¢tural features of the pE3
protein.

As a result, the homology of the deduced amine acid

segquences of the p51Aa protein, p53 protein and p738
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protein in each of fulli-length segquence,
transcriptionalactivationdomain,DNA—bindingdomain,
andoligomerizationdomainwasrespectivelyasfbllows:
between p51Aa protein and p53 protein, 36%, 22%, 60% and
37%, respectively:; between p51A protein and p73 protein,
42%, 30%, B87% and 65%, respectively; and bketween p53
protein and p73 protein, 28%, 27%, 63% and 83%,
respectively (Table 1).

Moreover, although the 448 residue-structure of
the pblA protein was shorter than the €636 residue-
structure of the p73«x protein, the tatal =tructure of
the pS1A protein rezembled the p73 protein with the
c-terminal region split off.

Thegeresultsindicatedthata&though1ﬂuaputative
amino acid seguence of the pSla proetein resembles the
deduced sequences of both the p53 protein and p73@
protein, its homelogy to the amino acid sequence of the
p738 protein is higher than its homology to the p&3
protein and that the hemology between p51A protein and
p73p praotein is higher than the homelogy between p53
protein and p73p protein in the regions other than the
cligomerization domain. Furthermore, between p&l1la
protein and p73p protein, a homology was found in the
region where no homology was found between p5S3 protein

andp73ﬁproteinorhetweenpssproteinandpSlAprotein.
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These results suggest that, on the amino acid sequence
level, the p51A protein can be said te be closexr to the
P73f protein than to the p63 protein.

gimilarly, the amine acid sequence encoded by the
p51lB gene of the invention was compared with the amine
acid sequence of the p73«x protein for heomology
comparisen (Fig. 3). In the diagram, the aminoc acids
commeonn to the tweo sequences are boxed.

Fig. 4 is a schematic diagram showing features of
the structural domains of splicing variants encoded by
the ps51 (A and B} genes along with those of the p73
preteins (a« and B)}. Whereas the divergence point
between pS1A protein and pS5S1B protein begins at intron
10 and the divergence peint between p73a« protein and
b?SB protein begins at intron 13.

Example 2 Ceonfirmation of pS1mRNA expression in normal
human tissue
(1) Northern blet analysis

Expression of p51mRRA in normal human tissue was
assessed by Northern klotting using, as the prebe, a
human <¢DNA clone labeled by the random cligaenucleoctide
priming method.

Noerthern blot analysis was carried out using Buman
Multiple Tissue Northern Blet (Clontech, Pale Alto,

cCalif., U.&.A.) in accordance with the product manual.
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Thus, the EcoRI fragment (600 bp: corresponding
to the 5' and of aDNA) of a PCR amplification product
of the DNA clone obtained in Example 1 wasg labeled with
(**pl-dcTP (Random Primed DNA Labeling Kit, Boehxinger
Mannheim) for use asgs & prohe.

Blotting was made using ExpressHyb Hybridization
Solution (Clontech) under the conditions directed in
the unsexr manual, and detection was made using BAS2000
(FUJX)}.

The results are shown in Fig. 5 and Fig. 6.

Fig. 5 shows the result of Northern hybridization
carried out with the filter purchaged fraom Clontech,
and Fig. 6 gshows the result of Northern hybridization
carried out with a filter constructed by the present
inventors using the RRA purchased £rom Clontech. Fig.
6 shows the eslectrophoretogram with 2 i g poly A+RNA
added for each lane, and Fig. 6 is the electro-
phoretogram with 0.5 (L g poly A+«RNA added for each lane.

The lanes in Fig. 5 represent the result for 1l:
heart, 2: brain, 3: placenta, 4: lung, 5: liver. 6:
skeletal mugscle, 7: spleen, and 8: pancreas. The lanes
ian Fig. 6 represent the result for 1: mammary gland,
2: prostate, 3: salivary gland, 4: stomach, 5: thymus.
6: thyroid, 7: trachea, and 8: uterus.

¥t was found that the distribution of expression
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of the mRNA (4.4 kb) of the gene named "human p51 gene™
according to the present invention was rather confined
in contrast to the ubiquitous expression ¢f p53 mRNA,
with the expression level being highest in skeletal
muscle, and deocreased progressively din placenta,
trachea, mammary gland, prostate, salivary gland.
thymus, uterus, stomach, lung, brain and heart in the
arder mentioned. ¥n other tissues (e.g. adrenal gland,
small intesztine, spinal cord., spleen), no expression
of pS51ImRNA could be detected.

The expreaession pattern of the p73 gene is also
tissue-restricted. However, it was found that while
the expression of p51 gene overlapped the expression
of the p73 gene (expression in the same tissue)., the
distribution of expreasion was broadexr than the
distribution of expression of the p73 gene.

The above difference 1ln expression tissue
distribution among the human p51 gene, p53 gene and p73
gene suggested that notwithstanding the resemblance in
bhiological activity among these genes, they are
dissimilar in function depending omn tissues Ain wvivo.

Further research also revealed that, in various
haman tissues, the pSImRNA, as in the case of p73 protein,

exists 1in selectively =pliced forms {(alternative
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splicing variants), namely a short form encoding the
p51a protein and a long form encoding the p51B protein.
The latter long form encoding p51B was found to have
homology to the factor named ket which had been
accldentally discaovered in a search for the glutamate
receptor of the tongue. The 3 kh mRNA, which 15 a main
transoript in skeletal muscle, was the most abundant
mRNA observed in all the tissues investigated. The
short-form cDNA clone was suspected to be derived from
itse tranecript. Interestingly, in contrast to the mRNA
observed in normal tissuesg, thilis short-form (p51la) of
P51mRNA was found to have been expressad in maany tumer
cell lines.

Fig. 4 is a schematic diagram comparing the
structures of the respective alternative splicing
variants of the pS5l1 protein and p73 proteiﬁ. This
p51BmRNA encoded a proteilin having a molecular mass
(calculated) similar to that of p73a.

Functional differences hetween p51lA and pS5SiE
remaln unknaown.

Example 3 Chromosome mapping of the p51 gene

Using a radiation hybrid panel {(GeneBridge 4
Radiation Hybrid Panel; Research Genetics), the pS5Sl
gene was mapped on the human chromosome. As a result,

the p51 gene was localized in the 3g28-ter region
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between the markers AFEM327YD9 and WI-118¢9 (5.66¢c¢R from
the former marker) .

Exapple 4 Mutation of p51 in various human cancer cell
lines and human tumors

The most intriguing question about the pS1l gene
is the questien of whether the features of the p53 tumor
suppressor gene are shared by the pSl gene as well as
the relationship of a mutation ¢f the present gene with
the motrphogenesis of a human tumor.

Therefore, using various tumor cell lines, a
search was made for the presence ¢ absence of mutation
of the pS1 gene. For this search, the methoed for
functional analysis of separated alleles in yeasts
(FASAY), which was previously used by the present
inventors in the identifiecation and characterization
of p63 mutation, was used [Ishigcka et al., Nat. Genet.
S, 124-129 (1833}].

A complementary full-length DNA fragment c¢oding
for the human pS1A gene was amplified by the same PCR
method as used in the determination dascribed
hereinbefore to acguire the nuclectide sequence of the
amplification product covering the full-length
saguence encoding the pSi1A éene and this nuclectide
sequence was determined by direct sequencing to detect

the presence or abksence of a mutation.
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Tumor cells were respectively cultured in
Dulbecco's Modified Essential Media supplemented with
10% fetal calf serumin a 5% CO, environment. Since all
the p51AcDNA clones could amplify the p53c¢cDNA in the
previocus analysis, the gquality of cONAs of cell lines
was guaranteed.

of 102 c¢ell lines, 67 lines analyzed were capabkle
of amplifying the pS51a DNA fragment. The nucleotide
seguence was dotermined by direct sequencihg for 35 of
the above cell lines.

Mutations were found in twe cell lines, namely
He-1-u-1 (JCREBO828), which is a head-and-neck cancerxr
cell line, and SKG-IIXa (JCRBOE11), which is a cervical
cancer c¢ell line.

The mutation was Serl?®

- Leu in the former and
G61ni®® - Leu in the latter. With regard to the pS53
protein, it was likely that the normal function of the
p53 protein had been defected by mutation in the formerx
and by human papilloma virus infection in the latter.
Moreove:,iJ1themRNAsderivedfrcmtumorcells,various
splicing variants were noted.
Referringtohumanprimarycancers,thenucleotide
segquences of the DNA amplification products obtained

by SSCP and RT-PCR techniques were determined by direct

sequencing in search for pS1A gene mutation. In a total
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population of 66 human tumor cases, namely 8
neurocblastoma cases, 8 colon cancer cases, 8 breast
cancer cases, 8 lung cancer caseg, 8 brain tumer cases,
8 esaphageal c¢ancer cases, 8 hepatocellular cancer
cases, 6 pancreatic cancer casesg, and 4 renal cancer

11% . pro was detected in one

cases, a mutation of Ala
iung cancer case<.

The analysis ¢f the above 3 cases was invariably
an analysis of ¢DNA and it was clear that the expression
originated from a single chromosomal lecus.
Experimental Example 1 Suppression of celony
formation by p&l transformation

The p53 protein has an ahility te block cells in
the G1 phase or induce apoptosis.

To investigate the colony formaticn inhikitory
activity of the p51 protein of the invention, the SAO0SZ2
cetecosarcoma caell line (acaassion number: ATCC HTBEBS)
was coc~-transfected with a puromycin;resistant
expression plasmid (pBABEpuroc: Morgenstern J. Nua.
Acidg Ru, 18, 3587, 1890) as well as a pS1iA expression
construct, an HA-labeled pSlA expression construct
{({BA-labeled ATGTATCCATATGATETTCCAGATTATGCY, which
codes for the aminée acid sequence MYPYDVEDYA), a p5s3
expression construct, an& a vaector and the colony-

forming ability was evaluated.
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The above aexpression vectors were constructed by
cleoning the coding region fragment of pS51A DNA (2816
nuclectides; in SEQ ID NO:2, eoligenucleotide numbkers
1~2816), the fragment prepared by adding the HA tag te
the pE1l1A oDNA, and the cading region fragment of p53cDhNA
(1698 nucleoctides; nucleotide numbers 62-~1760),
respectively. Then, the costecsarcoma cell line SAO0S2
was cultured in Dulbeccos's Modified Essential Medium
supplemented with 10% fetal calf serum in a 5% CO,
environment. A 6cmdish was seeded with the above SACS2
cells (1x10° cells/dish) and, after 24 hours, the cells
were transfected with a wild—-type pS1 expresgsion vector
containing the p51A cDNA chain (pRecCMV/pS1A) . Similar
transformations were carried cut using the HA-tagged
p51a c¢DNA, the wild-type pS3 gene and, as control, the
pRcCMV expression vector alone.

Using Mammalian Transfection Kit (Stratagene), 1
pg of pBABEpuro was introduced intoe the cells. The
resulting cells were fixed and stained with Crystal
vViolet. The stained colonies were photographed. Each
transfection was carried out twice for analyzing ceolony
formation.

As a result, significant decraases in the number
of golonies were observed in the culture dishes of ph&3

gane-transfected cells and pS51 gene-transfected cells.



18

in contrast, in the culture dish of cells treated with
the vector alone, growth of a large number of celanies
was aobserved. The p51 gene was thus found teo have an
akhility to supphress colony formation but this ability
was slightly poor as compared with the ability of the
p53 gene. ©On the other hand, the HA-tagged pSl gene
shaoawed a colony formation—-suppressing ability
comparable to that of the p53 gene (Fig. 7).
Expe;imgntal Example 2 Test of the transcriptional
activation function of the p51 protein

Since the activity of the p53 protein to arrest
cell growth in G1 phase or induce apoptosis was
dependent on the transcriptional activation function
of the p53 protein, a test was carried cut to see whether
the p51 protein would exhibit such activity.

pDownstream of the Wafl promoter, which is known
to be controlled by ptH3 transcriptional activation
function, and RGC (ribosomal gene clustex) sequencea,
a luciferase repeorter plasmid as well as a p51lA gene
expression construct was introduced by the method
described in Example S. Specifically, SA0S2 cells were
co-transfected with said luciferase repoerter plasmid
and the p51A expression vector, p53 expression vector
or centrol vector and the luciferase activity of the

lysate obtained from tha resulting transformant was
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assayed. The luciferase activity was calcoculated with
a dual luc¢iferase raporter assay system {(ProMegal
taking the transfeotion efficiency into consideration.

Fig. 8 1ise a schematic diagram showing the reporter
construct used in the experiment. Shown in the diagram
are 3 luviferascse gane constructs each linked dawnstream
of various p2ZiWAFl promoters. In the diagram, “"WAF-
1 promoter luc” represents a wild-type p21l1WAF1l promoter
oongtruct retaining the two p53 control elements; "del
1" represcents the coanstruct deprived of the upstream
one of said elements: and “del 2" represents the
construct deprived of both of said elements.

The raesunlits are shown in Fig. ¢ and Fig. 10.
Relative activity on the ordimate repretsents the
luciferase activity caloulated by using the dual
luciferase reporter asgay system taking the
transfection efficlency into consgideration.

Fig. 9 shows the transactivation activity found
when the p51 expression plasmid (p51A), the pSs3
expression plasmid (p53) or the vector (Rc/CHMV) only,
which has been linked to each of the various reporter
congtructs shown in Fig. 8, was introduced into SAOS2
cgells. Ffhe results showed that like the pS3 protein,
the p51 protein has activity to induce the number-

dependent expression of the p53 reacvtive segquence.
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Fig. 10 shows the results of a similar experiment
using the pS51a expression plasmid (p514)., the HA-tagged
pS5lA expression plasmid (Hap51a) , pH3 expression
plasmid (p53) or the vector (ReCMV), which has been
iinked to the PGC reporter construct which has been
experimentally demonstrated te have p53 reactivity.
As in the experiment shown in Fig. 9, the above results
indicated that beoth pS51A and HApS5lA, like p53, have
activity to induce the number-dependent expression of
the pE3 reactive sequencea. The weak activity found when
the p5lA expression plasmid was used may be attrikuted
to the fact that since this plasmid was built into the
expression vector with the leader sequence retained,
the amount of expression was small.

When the leader =sequence was removed in a later
experiment, the pS1lA protein showed a stronger
expression-inducing actien than the 53 protein and,
in said colony formatien-inhibition assay, too, this
protein was feund to have strong activity.

it is apparent from the above results that the pb1l
protein had the ability to induce transcription through
its transcriptional regulation domain. The finding
that the transceriptional activity was leost on induced
mutation of this element suggests that the p51 protein

alse utilizes the same racognition sequence as does the
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P53 protein.

Then, it was inguired whether the same
transcription relation holds true i vive, too. A pS5ia
gene sxpression censtruct having an HA-tagged epitope
was introduced into SAQCS2 cells ever a short time. The
finding of the uptake ¢f the pSla gena by cells indicated
that pS1iA 13 localized in the nucleus and all the cells
were found to elevate the level of p2lwWafl. This
indicates that the p&l protein is also capable of
inducing p21iWafl whic¢h is known te be controlled by the

p53 protelin.

Experimental FExample 3 pS5l1 gene mutation in tumors in
situ

The mutation of the p5l1l gene was investigated in
the in sity cancer cells of 66 patients (neurcblastoma,
8 cases; c¢olon cancetr, 8 cases; breast cancer, 8 cases;
lung cancer, B cases; brain tumeor, 8 cases; escphagus
cancer, B cases, hepatocytoma, 8 cases: pancreatic
cancer, 6 cases, and renal cancer, 4 casece) by the
reverse transcription PCR single—-gstranded structure
polymorphism (RT-PCR-8SCP) method and DNA sequencing
method.

(1) Preparation of RNA
Fresh tumeor samples were surgically isolated,

immediately frozen and stored at —80°¢C until used. The
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RNA was extracted by the method described in the report
of Nakagawa et al. [Nakagawa, A., et 8l.,, N. Engl. J.
Med.., 32B, 847-854 (1993)1.
{2) RT~PCR-SSCP and DNA segquencing
Fhe total RRA, 5 g, was transcribed an cDNA using
Superscript II reverse transcriptase (Gibco-BRL) and
random primers. The 20th ¢DRA of this reaction product
was used for PCR amplification. PCR~SSCP was performed
in accordance with the method of Mashivama et al.
[Mashivama S. et al., Oncogene, 6, 1313-1318 (1991}1]1.
sSpecifically. the PCR produoct was amplified using 3
primers for pbslA cDNA.
The nucleotide sequences of primers used for PCR

are as follows.

p51-F1: 5'-AAAGAAAGTTATTACCGATG-3'

p51-R1l: 5'-CGCGTGGTCTGTGTTATAGG~-3 "

pSi-F2: 5'-CATGGACCAGCAGAYTCAGA-3 "

pS1l-R2: 5'-CATCACCTTGATCTGGATG-3'

pP51-F3: 5'-CCACCTGGACGTATTCCACT-3"

pS1l-R3: 5" -TGGCTCATAAGGTACCAG-3"

pSl-F4: 5" -CATGAGCTGAGCCGTGAAT~-3"

p51-R4: 5'-TATCTTCATCCGCCTTCCTG-3"

PE1-FS5: 5'-ATGAACCGCCGTCCAATT-3"

p51-R5: 5" -GEPGCTGCAGGAAGGTACTGCA-3"

PS1-Fé6: S'-TGAAGATCAAAGAGTCCCYTPG-3"
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p51-R6: 5'~CTAGTGGCTTTGTGCCTTTG-3°

Then, the 32PAdCTP was diluted 1:10 with loading
butfar. After 5 minutes of further denaturing at 98°C,
the separation wag carried cut on 5% glycerol/5%
polyacrylamide gel at 200 volts at room temperature forx
12~14 hours. After the electrophoresis, the gel was
dried and exposed against X-ray £ilm overnight so that
the migration bands would be definitely wvisible. To
confirm the presence or absence of mutation, the PCR
product was subcloned into the pPpGEM-T Easy Vector
(Promega), followed by sSequencing with ABI377 DNA
sequencer.

As a result, in the lung cancer tissue belonging
to the type of bhighly differentiated sgquamous aell
cancer, an amino acid substitution point mutation
{Ala'*® -+ Pro) was found in the deduced DNA binding region
of the p51A protein. This tumor showed paratracheal
lyphnode metastasis and pleural invasion. Since all of
randomly selected 5§ clones had the same mutation. the
p51 gene possessed by this tumor cell wag suggested to
be @ single allele or have been exprassed mono-
allelically.

Experimenptal Example 4 Induction of apoptosis by
p51lcDNA dintroduction

1t was explored whether, like the p53 protein. the
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P51 protein would induce c¢ell apoptosis.

Theae apoptosis induction test with the pS1 protein
was carried aut by the methed of the present inventors,
namely the method which, as mentioned above, comprises
the use of a transgenic mouse ervthrolaeukemia cell line
[(1-2-3 ¢ell line} vwhich presents with typic¢al features
of apoptosis when cultured at 32°C [Kato, M. V., et al.,
Int. J. Onacl., 8, 265 (188&6)].

This mouse erythreleukemia cell line (1-2-3 cell
line) was estazblished £from the erythroleukamia derived
from Friend spleen focus forming virus gpbts gene~
transgenic mice [Xu et al., Jpn. J. Cancer Res. BS&,
284-291 (1995); Kate et al., Int. J. Oncol. 2, 268-
2771 and is a c¢cell strain which expresses only a
temperature-sansitive (ts) mutant pS3 protein
(Alal353vVal: point mutation). This tg-mutant pH3
protein is localized in the eytoplasm at 37°C, which
is a usual culture temﬁerature, and, therefore, does
not exhibit the contrel function of the pS53 melecule
which is intrinsically discharged in the nucleus but

at 32°C it migrates inte the nucleus so that the p&3

activity is induced [Levine, A. J. et al., Nature 351,
453-4256 (1991} ] . It has been already reported that, in

this cell line, slow apoptesis ig induced at 32°7C.

The 1-2-3 cells were culturad in RPMI 1640 medium
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;upplemented with 10% fetal c¢alf servm in a $% CQ,
environment. Then, uaing pRc/CMV as the expression
vector, the pPS1A gene Qas introduced into the abeve
cells. The calls were than cultured in a selective
medium, and using neomycin resistance (Neec®) as the test,
Gldl8-resistant cells were sgselegcted. An apoptosis
inductien study was then carried eut in the pHla-
expressing cells.

Thus, two strains of pSlA-transfected 1-2-3 cells
{hereinafter referred to as "1C1 ¢cells" and "4B1 ¢ells")
as tranafectaed with the p51A gene-harbeoring expression
vector (pRecCMV/pS5S1A) and, as coentrol, 1-2-3 cells
transformed with the vector alone and not contalning
the pS1A gene were respectively seeded on 10 em (dia.)
plates at a concentration of 1%x10°/ml and cultured at
2 alternative temperatures of 37°C and 32°C for 24 hours.
The c¢ells were then harvested and treated with
proteinase K and Rnase A to prepare DNA samples. The
DNA sampless were subjected to agarose electreoephoresis.
The ethidium bromide-stained images are shown in Fig.
11.

As can be geen in Fig. 11 that, in culture a2t 37°¢,
whereas ne DNA fragment was detected in 1i-2-2 cells
(lane 1), DNA fradmentation to 180 bp ocligomers could

hbe detected in the pSla gane-transfected 1ci and 4B1
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cells (lanes 2 and 3) .

In culture at 32°C, DNA fragmentation was detected
in 1-2-3 cells (lane 4) and the DHNA fragmentation was
promoted in 1Cl cells and 4B1 cells (lanes 5 and 6).
These regults were consonant with the results of
morphelogical ocbservation of apeptosis and the results
of the growth inhibition test of pEl-intreduced cells
(32°¢, 37°C)..

The presence or absence of apoptotic moxphological
changes in cells was studied by fixing the respactive
cells on glass slides and, after Gimsa staining,
obszserving the cell morphelogy and the degree of staining
microscopically. The viable count of cells was found
By Trypan Blue staining and cceunting.

As a result, the c¢ells grown at 32°c had surface
projections and presented with a shrunken, strained or
constricted form. Moreover, in Gimsa-stained cell
specimens, chromatin condensation was observed eitherxr
around the nuclear envelope or in intracellular masses.
In contrast, in the cells cultured at 37°¢C, ne such
morphological change was observed.

Within 24 hours ¢f culture at 32°c, cells
undergoing apopteotic death and cells continuing the
cell cyele and growth were mixedly present, and after

24 hours the viable cell ccocunt of pSl-exprassing cells
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was 10°/ml and the call count of 1-2-3 cells was
1.7x10%/m1.

The foregoing indicated that the pbl gene-
containing cells treated at the temperature of 32°C
experienced a sudden apoptosis in the presence of phsi.
It was thus confirmed that the pS51 pretein, like the
pS3 protein, induces apoptosis in a significant
measurea.

Experimental Example 5

A specific antibody against the C-terminal region
{570th ~ 641lst positions of the amino acid sequence)
of the human pS1B protein was prepared and human cells
were immunostained.

Thus, the coding region (the 185l1lst ~ 206th
pesitions of the nucleotide seguence) of the human p51B
DHA was ligated teo the GST fusion protein expression
vector pGEX~1AT (Pharmacia) and a fusion preotein was
synthesized in Escherichia coli. Using this fusicon
protein and BALB/C mice, an antiserum (polyclonal
antibody) was prepared in the routine manner and
absdrbed with the GST protein toa provide a specific
antibody against the C-terminal region of the p51B
protein.

The abave antibody was subjected te a praimary

reaction with a human skin tissue frozen specimen and
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then to a sevcondary reaction with a fluerescent-labeleaed
goat anti-mouse YXgG antibody.

As a resgult, this antibody specifically sEtained
the cell nucleus from the spinal cell layer to the
basement layer of the human skin. This specificity wasg
found because said fusion protein treatment aboliszshed
this raeaction while the pretreatment with GST protein
failed to abalish the reaction.

INDUSTRYAL APPLICABSILITY

The genes of the present invention can be
characterized as related genes of the p53 gene which
is known a8 8 tumor SUPPressor gene. With these genesdn,
the expression levels and Ffunotions in cells can be
analyvzed and it 1s expected that by analyzing their
aexpression productsg, morbidities in various diseases
assooiated with these genes (for example, malignant
tumors) can be elucidated and diagnostic and
therapeutic modalities can be established.

Furthermare, the genes of the present invention
are expressed in the gland tiasasues (prostate, mammary
gland), musgcle tissues, and thymus apd other immune
systems in contrast to p73 which it expressed in the
nervous system and are likely to be involved in
abnormalitiés of these tilissgues. Therefore, 1t is

expected that these genes will contribute to the
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development of inhibiters or suppressants of such
abnormalitics.

In accordance with the present invention, there
is provided a novel human pSl1l gene which is of value
as a cell preliferation suppressive gene. The novel
gene of the present invention resembles the gene coding
for the p53 protein or p73 protein. Therefore, the gene
of the invention ¢an be utilized in studies on the
relationships of the analyzed functions of these
related genes to various diseases and used in studies
for application to gene diagnosis and the medicinal use
of these genes in various diseases. Moreover, by using
the gene of the invention, the expression pattern of
the gene in various human tissues can be explored and
its funcetions in the human body can be analyzed.

In addition, with this gene, the human pS51 protein
encoeded by the gene can be preduced in large gquantities
by the genetic engineering technoclogy.- Thus, the gene
and gene fragments provided by the present invention
can be integrated with expression vectors to construct
recombinant human P51 proteins and study 51 preoetein
activity and the funecticng, e.g. binding activity, of
the p&l1 protein.

Furthermore, the pS5i protein is useful for the

pathological elucidation, diagnosis and therapy of
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diseases associated with the p51 gene or its product
(e.g. diseagses related te the transcription activity
of cells and variocus diseases related to apoptosis,
particularly cangers).

The pS1l protein has physioleogical actions or
functions similar t¢ those of the P53 protein.
Therefore, when various biocloegical stresses such as
virus infection, cecytekine stimulation, hypoxia, a
change in the nucleotide pool, drug-induced metabolic
derangments, etc. act upon the living tissues, the
protein of the invention exhibits such functions as
signal transductions through interactions with other
proteins and transcriptional coentrel over the other
genes to thereby modulate replication of the cell DNaA
in the. tissues subjected to said biological stresses,
interrupt their cell e¢ycle to repair the cells,
eliminate cells through apoptesis, or promote the
differentiation ¢of cells to thereby contrel to the
defense ¢f living tissues against said stresses.

In accordance with the present invention, there
are provided a gene transfer vector containing the human
51 gene or an allele thereof which is useful for gene
therapy, cells inte which said p51 gene or allele has
hean introduced, a gene-therapeutiec agent containing

said vector or cells as an active ingradient, and a
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rurthermore, in accordance with the present
invention, there is provided a pharmacautical product
containing the p51 protein as an active ingredient whigh
hae activity to suppress groewth of various cangcer cells
and finds application in the treatment of various
neoplastic diseaseas and asscciated symptems through
said activity.

The functienal regions of the human p51 gene and
the corresponding mouse gene are completely identical
except for the 3 amino acids in the TaA demain, thus
reflecting a high degree of conservatien and suggesting
the importance of the present gene {The nucleotide
sequences of the two genes are correlately shown in Fig.

12~14 and Fig. 151.
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CLAIMS

1. A gene coding for the fellowing protelin (a)
or (b}
{a) a proteln baving the amino acid sequence shown under
SEQ ID NO: 1
(b} a protein having an amino acid sequence derived from
the amino acid sequence shown under SEQ ID NO:1 by
deletlion, substitution or addition of one or a plurality
of amino acids and having p5l activity.

2. A gene comprising the following DNA (a) ox
{(h):
(a) a DNA having a nuncleotide sequence ideptified by
the nucleotide numbers 145~1488 of the nucleotide
segquence shown under SEQ ID NO:2
(b) a DNA capable of hybridizing with the DPNA having
a nucleotide seguence identified by the nucleotide
numberxrs 145~14§8 of the nucleoctide sequence shown under
SEQ IDP NO:2 under stringent conditilons and coding for
a protein having p5S1l activity.

2. A gene as defined in €Claim 2 which has the
nugleotide seguence shown under SEQ ID NO:2.

4. A cDNA comprising the following DNA (a} or

(b):
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(a) a DNA having a nucleotide sequenace identified by
+the nucleotide numbers 145-1488 of the nucleotide
segquence shown under SEQ ID NG:2

{b) a DNA capable of hybridizing with a DRA having a
nucleotide sequence identified by the nucleaotide
numbers 145~1488 of the nucleotide sequence of SEQ ID
NO:2 under stringent conditions and coding for a proteiln
having pS51 activity.

5. A DNA characterized in that 1t is capable of
hybridizing with the nucleotide segquence of SEQ ID NO:2
under stringent conditions.

6 - A DNA characterized in that it is capable of
the hybridizing with a nucleotide seguence identified
by the nuclecotide numbers 145~1488 of SEQ ID NO:2 under
gstringent conditlions.

7. The DKA defined in Claim 5 for use as a primer.

8. The DNA defined in Claim 5 for use as a prabe.

9. A protedin definqd under (a) or (b)) below:
(a) a protein having the amino acid sequence shown under
SEQ ID NO:1
(b) a protein having an amino acid sequence derived from
the amino acid sequence of SEQ_ID HO:1 by deletion,
substitution or addition of one or a plurality of amino
acids and bhaving pb51 activity.

io. A protein as claimed in Claim 9 at least
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containing the amino acid sequences jidentified by the
amino acid numbeaers 1~59, amino acid numbers 142-321,
and amino acid numbers 35%~39%97 of the amino acid
sequence shown under SEQ ID NO:=:1.

1i1. A polypeptide having an amino acid seguencs,
in SEQ ID RO:1, which hag at least one function selected
£from the group ¢congisting of transcriptional activation
function, DRA binding function and oligomerizxation
function.

12. A polypeptide as defined under (a) or (b)
below:
(a) 2 polypeptide having an amine acid sequence
identified by the amino aclid numbers 1-59% of SEQ ID NG:1
{b) a polypeptide having an amino acld seguence derived
from the aminoe acid segquence defined under (a) by
deletion., substitution or addition of one or a plurality
of amino aclids and having a2 transcriptional activation
function. -

13. A polypeptide as defined under (a) ox (b))
below:
(a) a polypeptide having an amino aofid sequendce
idepntified by the aminoc acild numbers 142-321 of SEQ ID
NO:1
(b) a polypeptide having an amino acid sequence derived

from the amino acid sequence defined under (a) by
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deletion., substitution or addition of one or a plurality
of amine acids and having a DNA binding function.
l4. 2 polypeptide as defined under {(a) ox (b))
below:
(a) a polypeptide having an amino acid sequence
identified by the aminoe acid numbers 359~397 0f SEQ ID
NO:1
(b) a polypeptide having an aminoc acid sequence derived
from the amino acid sequence defined under (a) by
deletion, substitution or addition of one or a plurality
of amino acida and having an ¢ligomerization function.
i1s. A gene comprising a nucleotide gequence
coding for the polypeptide defined in Claim 12 or 13.

16. A wector harboring the gene claimed 1in Claim

17. A host cell transformed with the vector
claimed in Claim 16.

18 . A method of praducing the protein claimed in
Claim 10 which comprises growing the host cell defined
in Claim 17 in a culture medium and harvesting a protein

from the resanlting culture.
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ABSTRACT

Novel human genes falling whithin the category of
family genes relating to p53 gene which is known as a
cell proliferation regulatery gene. and gene products
thereof. A human p51 gene characterized by containing
a base seguance encoding an amino acid sequence
represented by SEQ ID NO:1l:; a human p5l1l gene having a
base seguence consisting of the 145- to 1488-bases 1in
the seguence represented by SEQ ID NO:2; vegtors
confaining'these genesg: host cells transformed with
-these vectors: a process for producing a p51 protein
having the amino sequence represented by SEQ ID KNO:1;
which comprises culturing the above host cells and
harvesting the protein from the thus obtained culturea;
and the p51 protein having the amino acild sequence

represented by S8EQ ID NO:1.
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FIG. 10

' Relative transactivation activity

Expression
wectox

p51A  p53 HApS1A RoCMV

RGC p53 binding region Reporter



11715

FtaGg. 11

i00pb ladder

T 4Bl cell

&
&

(Y5 2

__1c1 cell

]&—,——-‘37'(2———-61
[
Q
'-l
a
h
E




Sl
pSle

opSl
p51B

opSi
p51B

mpSl
péls

op51
p51B

mpSl
pElB

me51
p51B

mpS1
RSiE

npSl
p31B

mpSl
pSiB

mpS51
p518

oSl
pSis

mp51
p51h

1
X

61
61

121
121

181
is}

241
241

303
bclch)

3s1
361

421
421

£81
481

541
541

601
601

661
41

721
721

12156

FIG 12

ATGTCGCAUAGCACCCAGACARGCGRAITCCTCAGCCOAGAGGTCTTCCAGCATATCTEE
AT GTCOCAGAGCACACAGANAARTGAATICCIOAGTCCAGAGHTTT T CCAGCATAL CTGG
SaihE EEAEERET KEXTAKE KK TNERTALT Sddrhhdw mERAAEttardiexy

WCMMMMQMMQMG&M&WM

GATTTTCIGAARCAGCCTATATGTTCAGTICAGCCCATTAACTTGAACTTIGTCGAT GAN
CEREEARRERNRAN SRR ARG A A E Chekr AXPARAAR *f TxhFharAdroshhdrrsd

CCTTCCGARAATGETGCARCARACAAGATTGAGATTAGCATGGAT T CTATCCGCATGCAR
CCATCAGAAGTGOTCCANCAAACAAGATTGAGAT TAGCATGGACTGTATCCGCATGCAG

i e Eht whTRWEw ke kk kbt rdrhRttds 2 drewdbrecrrbhde

GRCTCACANCTCAGTGACCOCATETGGCCA CAGTACACGRACCTEGGECTCCTUARCAGS

GACTCGGARCUTEAGTEACCCCAT CACGARCCTCGGACTLCTGRARCRES
Pt t 2 2 2 2t At t 2 TR R 2 2 22 St L L Ll S n p bl b

ATGEACCAGCAGANTCAGAACGECTCCTCETCCACCAGCCCCTACRRACACAGACCACGTA
ATGOACCACEACATTCAGRACCGOTICOTCHTCOACCAGTCOCTATARCACAGRCCACGCE

*&tl‘***l‘i‘f*vﬁE.fi‘f*!‘l**i"tfﬂ.ﬁﬂ* I-V*Q* ARXAXEF REKNANTTEDREER

CAGALTAGCETOACGGCACCCTCGCCCTATEUACAGCCCASCTCCACCITTGATECCCTE '

CAGIACAGCGIAACCECGCACTICECCOTACGCACABTUCAGCTCCACRTTUGATGUTCIC

hhktw sREkkw ThbwvihdeAhdrradd Shbrhbddkd bt rrthbikd Firtdh dk

mcmcc&mcccdwaccnm@cccmcCAacncnesm@ncccsec;ccacxﬂnacﬂmcaamsma
CCGCOATCCCOTCCARCACCAACTAGCCAGECCCECACAQYTICGACGTG
RARECRAC Bf FhFRS AERNFFARFIAR bk RhdAF RARAN REwhd hERL St

OO CCAGCAGTCRAAGCAN T CCCAAGTCAGCCACCTGEACCTATPCCACCCAACTEANG
TWTWWWWW%MMM&CTWG

AAREHPERARTNAE NWENE KERPAREN EEXRRETCNREARAREANARE TRRCRNEAY

MTMMMMWMWMCMCCG

[ T ECCE RATTCCARAGACATGOCCCATOCAGATCANGFTGRTGACCCCACET
wk ¢t dedeiddd dddkde [ A e e s 2 2 s e tand 2 22 L L X

COACAGGGOGOTEIIATCCCTECCATGCCTATCTACAAGAAAGCTGAGCATGICACAGAG
CCTCAGGEAGCTCTTATCCGRGCCATGEOTETCTACARAAMAGOTGAGCACGTCACGEAG

+k dthkkhk XAFATKRAEEAW ERRITERERTCRFAEEZNT S AP ETRFERTN ETREX E R 2

GTTGTEARACGATGCCCTARCCATARGCTUAGCLETGAGTTCAATGASCAGACAGATIGCC
CTGETCAACECATCCOCOAACCATGAGCIGANCCGTAIATTCRACHAGAGACAQATTGLC

LW REEER Kk WRAAN TRREA RN TRINCC v dbdard dhddrd SV EPERRRERRNRE

COTCCCAGTCATC TEATTOGAGFTAGAAGGERACAGCCATGCCCAGTATGTAGBAGATCCT
COTCCTAGTCAT MR TTCERET AGAGGECARCASCCATGCCCAGTATCTAGAAGATCCC

Whkdhhkdk ThhkkTH EERAERIAERTER TR AT RAR A ANTTRNXXNRE T XLT

ATCACCOGAACGCACGAGCEY GCTGETCCCTTATAAGCCACCACAGEITCGCACTAEAATTC
ATCRCACOAAGACAGAGTIETCCTEETASCTPAPGAGCCACCCCAGGTTGGCACTGRATTC

karkdk REhhkw Fuhktd CTRAETAEY FXXTTARTRALRRENT W R TR N ERNTRNRRLY

60 -
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i8¢

- 180

2490
240
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2060

3a0
360
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480
480
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840

600
600

6640
660

720
729

780
780
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FIG. 13

mpsl 781 ammocmmwmﬂmmwmmc&w 840

P51B 781 ACGACAGTCTICTACAATTRCATGTGTARCAGCAGTTGTATTGGAGGEATEARCCGCOGT 840
At KAELXRPEE *&****QC*""*Q"..QGQ*** _** AKX TLhAT wutdde® & Rt

mpSt 841 COAATTTTAATCATCATTACTOTGCAAALCAGACATGHECARGTCOTOGECCEACGETED 900

p5ls 841 COBATTTTRAASCATTGTTACTCEEGAAACCAGAGATGGECARGTCCTGHFECCGREELTGE soy
PXx s 22422l 22 X 2] ***Qt*i*i**fﬂitwuttttttttfﬁ*t***i*ﬁtt*tlt L L 14

mpEl s01 TTTGAGGCCCGG&TCTGTGCTTGCGGBGGAAGkGACCCGAAGGC&QA&GALB&C&GCAEC 960
p51B 901 mmcccmammm&mmmmcmm“mm. %ed
AR RAARNER I T ERRAETNRF LN RN L ARTEAS Sbhhbhe SETTREXN L3258 8

mpbl 9561 Mm&mmmmmm@amm&m 1020
p5lh 661 mmmmmommcmmmmmmm 1020

b rnRrkkhiidd FAATATRSE kv herrad: khdkhhhhhrhddRtrxred TE XN

uip51 1022 ummmcmmmmmmmm&mmcmmmc&s iaeo
p51B 1021 m&wmcmmmmmm icaa
ddkkthk KTAWNESD kk ARERRTINTEER NERRKh kb ikdeddd FRFAEEARRATTRENER

wpS1 1081 QTGCTGTACCTACCAGIGAGAGGTCGTCAGACGTACCAGATUITGCTCAACRTCABAGAS 1140

p51B 1081 ¢MATACMCWMWMTWWMMG 1140
R X TEX TNRwkEkrdd Fh ALTHEARE KW 4d bk kb wewthhnhthhihd

mp51 1143 W&m&m&cmﬁﬁmcmmwmmmo 1200

PEIB 1141 mcccTGGABCTCAEGGAE&BGCETcGQCaﬁCACAC1kTTGKA&CG&;CAGGGKAG&GGBB 1200
ek dpktd FAAECEAANALANST dwhkdiikawdih *& dfeRANWLREATRrY dhrnd

np51 1201 mmmcwmmmmmmmmmﬁcmeaw 12640

2518 1201 mmmcmm@m&mmmmwamcmc&mwmmnw 1260
Eh bt R EETATRNY TREdhkddddbrwwkbides *w wRRARAh Rk Aekdbbk

mpS1l 1261 Mcmmmmmm«mmam 1320
p31lB 1261 mmscmmmmmmmmm 1320
ot wRAEE ERhhEECEEEERARRRNAERANEr A AR S P ECTLATRRRARAFIL kTR ER

sl 13231 mmmwmcmmmwsccmcmmmmmm 1380

P51 1321 GAGCTTAQCLAEEGTCRGCEGCGCA&CGCCCTCRCEGGELE&ACGaﬂwcchAWGGcamG i380
EEFNTTNRRNERES AASERARRRFET AACCR b drdi it whwrw dhdkdd FRXEXL.

mpSl 13681 mmmwmammwummmm@m&mmmcm 1440
pb1B 1381 _m&mummmm&ccmummmwm&msmmcwc 1440
FRIST 2T L 1248 Kk NTRETYY *t*i****i***dt*t*fft*********f***

opil 1441 Accccuccmccrcrccémccmccnc'rcwcmccccwmmmcwcmccck 1500
pS1B 1441 amcccmecamcmmcmcccucmmwmmummmmq.cw 1500

Ak RERAN TW ShEddNE FTXTETTACRRENN dhrirkddkdkkt At AETRTTT X

npBl 1so0t CMdmmﬂmcmﬂmmmmmmmﬁmecm 1560
pS1B 1501 wmmmmummmmwmmmmsscm 1560
- dhkkh kh Bk GHRATERY whkhdd T EANRNR TG Shdw rrReeweNTRkR dhi



mp5l
pSie

mpS5l
p51B

mp51
p5ln

mpSl
pSlB

apSi
»518

mp31
p5lB

Sl
$513

1561
1661

621
1621

1681
1681

1741
1741

is01
1601

1861
1861

1921
1921

1415

FIlG. 14

P CATGCCTGRACTATMICACCACCCAGGGGCTCACCACCATCTATCAGRTTGAGCATTAC 1620
wcAmGrcTGeacmamwwcgcsncccnsadccmGaccaccamcmamcaﬁawreaecamrac 1620
ARKEHR ****"‘t*************i****i*i*****ﬂ!i*’*f.*****'******

TCCAEGG&TGA@TTEGCBAG&CTGAAEATCCc@thﬁAGTTCCG&QATGCC&EC&GGAAG le80

mCcATGGamGArcreccaasmcrGnaaamcccmcaﬁcaamwmcGacamsceimcmeéams 1680
CERERPEERAAAN XTTARATRALRAR AAAKTEKT *h ww dkhkdkdbdd RRACRATRNY

GGC&TCCTGGACC?SAGGG&GCTGGASG&GTTCQCCTCACGECCTCATGTﬂCTGBGGACG-1745

*

COOATCCTGEACCACCEETAGCTICCACGARTTUTCC TUCCCTTCTCATCTCOTGEGEACT 1740

EAXXXTXTTAEARAR SARXXXY CTARKLY EAARCEARN WET EERERRRRTIY AREEHN

WWWWWWM isad
TGTEEECTCCAGTGAGACCCAECOTGAGCATGTTATT 1806
*hkkk& KRARFEAREY FRRNETC L ANEERNAIR S AT RARY TarEwd dihkkhk %

Gh&GCCGTGCGCETQhCCGQCCGGCAGﬁCC&ECQCQTETQC&GGGCGTGiCGhGTGGAAE'1860
G&TGQ@G&GCGA&ICACcc@CCGCCBQACC&EQECTTQCCGBCCCGGEEAEG&GQGG&LE 1B60
RHRKK HATAR Fh, AEAF Db b st AENSILE ISR LR LANERTRE *T KEXTTWHRX

GﬁmﬁmcnaﬂTTTGACAEGGAITCQCGTCGC3103AGCA¢CAG¢G¢AiCBBAEAGGBAGGA 19240
GASTTG&&STTTGAC&EGGBWGCWCQCCGCBamanﬂcahﬂhGCGCAEC&AAGAGG&GGGG 1920

AN AEXREEEFESASENATELTRE RARXW *hkThkw *Thhwsk behkkh WS bRETTAAL XX

GhA 1923
aag 1923 .
*&
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mpSiBnaa
BHlE an

wpSlinha
pPS1E aa
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Po1k aa
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DAVEFTILROTIISEPFROEWNDENEDMDSRRNKQORIRERGE 641 -
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SEQUERCE LISTING

<G> tkawa. Yoii
Visuka Pharcaaceutical Coo Lté

<{120) Human ps’."’ gene and its product
<£130) P39-16

<140> '

<142 i

<150> P P1998-100467

151> 19 98-03-27

160> 2.3

<170 ‘Patentin Ver. 2.0

<2165 1
<2 448
{#12> PRT
218> Human

{221
<zzz> (l).. (5
223> transactlvatmn domain

20>
<221>
{222) (14’) (321)
<223> DRA binding domain

22 ‘
2225 \353) (357)
228 uhgnnarlzatmn damain

<4
Me% Ser Gin Ser Thg Gin Thr Asa Glu Pt;a Leu Ser Pro Glu V?é Phe

Gin His t§e Tro Asp Phe Leu Giu Gin Pro fle Cys Ser ¥Ya! Gin Pro
20 28 30
Lte Asp Leu Asn Phe Val Asp Glu Pro Ser Glu Asp Giy Ala Thr Asn
35 40 45

Lys fle Giu Ile Ser Het Asp Cys lle Arg Met Gin Asp Ser Asp Leu
s0 55 60 :

Ser Asp Pro Met Trp Pro Gin Tyr Thr Asn Leu Gly Leu Len Asn Ser

65 70 75 80

Wet Asp Gln Gln fle Gin Asn Gly Ser Ser Ser Thr Ser Pro Tyr Asa
85 80 95

Thr Aso His A‘l_la Gin Asn Ser Val Thr Ala Pto Ser Pra T’E Ala Gin
11
Pro Ser Ser Thr Phe Asp Ala Leu Ser Pro Ser Pro Ala lle Pro Ser
118 120 125
Asa Thr Asp Tyr Pro Gly Pro His Ser Phe Asp Val Ser Phe Gin Glin
130 135 140

Ser Ser Thr Ata Lys Ser Ala Thr Trp.Thr Tyr Ser Thr Glu Leu Lys
145 150 155 160

Lys Leu Tyr Cys Gin 1le Ala Lys Thr Cys Pro lle Gin fle L;s Yal
165 170 178

Wet Thr Pro Pro Pro Gin Gly Afa Val 1le Arg Afa Met Pro Val Tyr
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180 185 190
Lys Lys Ala Glu His Val Thr Glu vat val Lys Arg Cys Pro Asn His
195 200 205

Giu Leu Ser Arg Glu Phe Asa Giu €ly Gin {le Ala Pro Pro Ser His
210 21% 220
teu tie Arg Yal Glu Gly Aso Ser His Ala Gla Tyr Val Glu Asp Pr
225 230 25 P a0
‘fle Thr Gly Arg Gln Ser Val Les Yal Pro Tyr Giu Pro Pro Gin Val
yare 248 250 255
Gly Thr Giu Phe Thr Thr Val Leu Tyr Asn Phe Met Cys Asq Ser Ser
260 268 270
Cys vai Giy Gly Met Asn Arg Arg Pro lle Leu Ile 11
£ 27§ y Me n ALE ¢ ng Val Thr Les
Glu Tht Arg Asp Gly Gln Val Leu Giy Arg Arg Cys Phe Glu Ala Arg
290 295 800
Ite Cys Ala Cys Pro Gly Arz Asp Arg Lys Afa Asp Gfu Asp Ser lle
05 310 3186 320
Arg Lys Gln Glin Val Ser Asp Ser Thr Lys Asn Giy Asp Gly Thr Lys
326 330 335
Arg Pro Phe Arg GIn Asn Thr His Gly tle Gln Ret Thr Ser (e Lys
840 . 345 350
Lys Arg Acg Ser Pro Asp ASp Glu Leu Leu Tyr Leu Pro Va! Arg Gly
3a% 360 368
Arg Glu Thr Tyr Glu Met Lee Leu Lys lie Lys Glu Ser Leu Glu Leu
370 - 3rs 380
Met Gln Tyr Leu Pro GIn His Thr le Glu Thr Tyr Arg Gin Gin Gin
385 390 399 400 -

Gln Gin Gin His Gln His Leu Leu Gln Lys His Leu Leu Ser Ala Cys
408 410 415

Phe Aré Asn Gfu Leu Ys! Glu Pro Arg Arg Glu Thr Pro Lys Gln Ser
420 425 430

Asp Val Phe Phe Arg His Ser Lys Pro Pra Asn Arg Ser Val Tyr Pro
435 &40 ) 445

{210 2 .
<211> 28186
212> DNA
<213> Human

{220>

221> CUS

£222> (148).. (1488)

g%?) polyA sigasl
YA SighEl

<2zz§ (zrasfl.%2791)

<400> 2
tcgttgatat caaagacagt tgasggasat gaattttgaa acttcacggt gtgecaccet €0

acagtactgc cctgaccctt acatccaece tttcgtamas acccageten titctettee 120

aaagaaagtt attaccgate cace atg tcc cag 2ec aca ¢ag aca 2at gaa {71
Het Ser Gin Ser Thr Gin Thr Asn Gly
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180 185 150
Lys Lys Ala Glu His Val Thr Glu ¥at vaf Lys Arg Cys Pra Asa His .
' 199 200 205

e

Glu Leu Ser Arg Glu Phe Aza Gfu Giy Gin (le Ala Pra Pro Ser His
210 215 220
Leu tie Arg Yal Glu Gly Asn Ser His Ata Gin Tyr Val Giu Asp Pro
225 230 23§ 240
‘Ile Thr Gly Arg Gin Sec Va! Leu Yal Pro Tyr Gly Pro Pro Gin Val
Y AR Gas 250 258
Gly The Gle Phe Thr Thr val Leu Tyr Asn Phe Met Cys Asn Ser Ser
260 285 270
Cys val Gly Giy Met Asn Arg Arg Pro lle Lex Sle 1te Val The Leu
27% 280 285
Glu Thr Arg Asp Gly Gin Val Leu Gly Acg Arg Cys Phe Giu Ala Arg
280 295 00
1{e Cys Ala Cys Pro GIy Arg Asp Arg Lys Ala Asp Giu Asp Ser lle
305 310 3156 320
Arg Lys Gin Gla Val Ser Asp Ser Thr Lys Asn Giy Asp Gly Thr Lys
328 330 335
Arg Pro Phe Arg Gln Asn Thr His Gly [le Gin Bet Thr Ser {{e Lys
340 345 850
Lys Arg Arg Ser Pro Asp Asp Glu Leu Leu Tyr Leu Pro Val Arg Gly
385 360 355
Arg Glu Thr Tyr Giu Met Leu Leu Lys lie Lys Glu Ser Len Giu Leu
370 . 375 380
Ket Gin Tyr Leu Pro Gin His Thr Ile Giu Thr Tyr Arg Gin Gin Gin
385 390 385 400 -
Glin Gin Gin His Gin His Leu Leu Gln Lys His Leu Leu Ser Ala Cys
{11 410 £1%5
Phe Arg Asn Gfu Leu Yal Glu Pro Arg Arg Glu Thr Pro Lys GIn Ser
420 425 . 430

Asp Val Phe Phe Arg His Ser Lys Pro Pro Asn Arg Ser ¥a! Tyr Pro
435 440 445

210 2 .
211> 2816
212> DNA

213> Human

<229

<2212 CDS

<222> (145). . (1488)

S8 potyn sigons
POIYA S(gaxi.

<zzz; (2786).. (2791)

<4a0> 2
tegttgatat caaagacsgt teasggpasat gaatttigaa acttcacggt gtgocaccct 6@

acagtactgc cctgaccctt acatccaece tftcegtagas acccamctes titctotteg 120

‘42 aaagaaagtt attacegate cace atg tee cag age aca cag &ca 23t gaa iT
- Het Ser Gin Ser Thr Gir Thr Asn Glu



4715

ces cec tec ttt gag gcc cge atc tgt got tgc cca ges aga gac agg 1083
Arg Acg gzg Phe Glu Ala Arg ;&g Cys Ala Cys Pro g;y Arg Asp Arg
0

2ag geg gat gaa gat agc aic aga aag cag caa git tog ¢ac agt aca 1131
Lys glg Asp Glu Asp Ser ;;3 Arg Lys Gin Gin ;g; Ser Asp Ser Thr
1

aag azc eet gat gt acg aag cgc ccg ttt cgt cag aac aca cat gat 1179
Lys Asn Cly Asp Gly The Lys Arg Pro Phe Arg Gln Asn Thr His Giy
i3g 33% 340 348

no
—

ate cag atg aca fcc ate 2ag 433 ¢ea aea f0C cca gat gat gaz cig 1227
Ile Gin Ket Thr ggr tle Lys Lys Arg ;gg Ser Pro Asp Asp glu Leu
] 60

tta tac tta cca gtg age ggc cgt gag act tat gaa atg ctg ttg sag 1276
Leu Tyr Leu gag Yal Arg Gly Arg g;g Thr Tyr Glu Met %;g Leu Lys

atc aaa gag tec ctg g3z ctc atg cag fac ctt cct cag cac aca att 1323
{le Lys ggg Ser Leu Glu Leu ggé Gln Tyr Leu Pra g;g His Thr lle

gaa acg tac age caa ¢ caz cag Gag Cag cac cag cac tta ctt cag 1371
Glu ;gg Tye Arg €in Gin Gln Gla Gin Gin His s&g His lLeu Lev Gin

aza cat ctc ctt tca gee tge tic agg aat gag ctt gty gag coc cgg 1418
Lys His Leu Leu Ser Ala Cys Phe Arg Asu Glu Leu Val Glu Pro Arg

4210 415 420 425
aga gas act cca ama caa et gac gtc tte tit gpa cat tec aag ccc V467
Arg Glu Tar Pro Lys Gin Ser Asp Val Phe Phe Arg His Ser Lys Pro

430 4385 440
cca aac cga tca gtg tac cca tagageccta tctctatait ttaagtgtet 1518
Pro Asn Arg i:g ¥al Tyr Pro

gtgtigtatt tccatgtgta tatgteagte tetgtetety tatgtetete cetgtetatc 1878
tagccctcat aaacaggact tgaagacact ttegctcaga gaccoascte cteasaggca 16338
casagecact agtgagagaa lctittgasg ggactcaaac ctttacaaga aaggatgttt 1698
tetgcagatt ttgtatccti agaccescca ttggtzgete aggaaccact gtgttigtet 1768

etgagctttc tgttgtitee tgegapgeag eeetcagete peenangeee cattaagatg 1818
tttattgeaa cccttttctg toitetictg tigtititct aaaattcaca ggeazgettt 1878
tgagcaggtc tcaaacttaa gatgtctttt imagasaagg agaaaasagt tgttattetc 1838
tgtgcataag tasgtigtag gigactgaga gactcagtca gaccctttta atgctegtca 1998
tgtuataata tigcaagtag taagasacea agetgtcaag tgtactgcte ggcagcgage 2058
tzatcattac caasaglaat caactttgtg getegagaegt totttetgag aacttgcatt 2118
atttetgtee teccctcatg tgtaggtaga zcatttetia atgetgteta cotecctete 2178
cractgtatg ttggcatctg ftatgetasa gittttctty tacatgaaac cciggaagac 2238
ctactacaaa aaaactgitg ttiggcceee atagcagete aactcatttf gtecttitaa 2298
tagaaagaca aatccaccec agtaatattg cccttacgta gitgtttacc attattcaaa 2368
gctcaanata gaattigaay ccetotoaca aaatcigtEa ttaattiget taattagapc 2418
ttctatceet caagectace taccataaaa ccapccatat tactgatact gttcagigca 24738

tttagccage aeacftlczt tttgagtaag tgagatccaa geagacgtet taaaatrage 2538
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actectgmac tggaaattas apattpasag getagactac ttttctttit titactcasa 2598
agtttagaga atetctegttt cttfccattt tazaaacata tttteapata atagecataaa 2658
gactttaaaa atgttectee cotecaictt cocracaccea gtcaccngea ctetatttte 2718
tgtcaccaae acaatgattt ctigttatte agectgitec ttttgteeat gteteatttt 2778
aattticaat aaacttttgc astctieettt fazagaaa 2816
<2100 3
{211y 448
<212 PRT
<{213> Human
<400> 3
Met Ser Gla Ser Thr Gin Thr Asn Giu Pl;g Leu Ser Pro Glu Y%&l_’ Phe

1 g

Gin His Yle Trp Asp Phe Leu Glg Glin Pro lle Cys Ser Val Gln Pro
20 25 30

1te Asp Leu Asn Phe Va! Asp Glu Pro Ser Glu Asp Gly Ala Thr Asn
25 40 45

Lys lje Giu 1le Ser Wet Asp Cys Ile Arg Met Gln Asp Ser Asp Leu
5¢ ] €0

Ser Asp Pro Met Trp Pro Gin Tyr Thr Asn Leu Gly Leu Leu Asn Ser
&8 70 - 15 8a

¥et Asp Gin Gin lie Gln Asn Gly Ser Ser Ser Thr Ser Pro Tyr Asn
85 80 L

Thr Asp His Ala Gln Asa Ser VYal Thr Ala Pro Ser Pro Tyr Aia Gin
100 - 108 1ne

fro Ser Ser Thr Phe Asp Ala Leu Ser Pro Ser Pro Ala lle Pro Ser
1341 120 125

Asn Thr Asp Tyr Pro Giy Pro His Ser Phe Asp Val Ser Phe Gla GIn
130 135 140

Ser Ser Thr Ala Lys Ser Ala Thr Trp Thr Tyr Ser Thr Glu Leu Lys
145 150 158 160

Lys Leu Tyr Cys Gln lle Ala Lys Thr Cys Pro 1le Gin [le Lys Val
169 170 175.

et Thr Pro Pra Pro Gin Giy Ala VYal tle Arg Ala Met Pro Val Tyr
180 185 180

Lys Lys Ala Glu His Vat Thr Glu VYal Val Lys Arg Cys Pro Asn His
195 200 205

Giu Leu Ser Arg Glu Phe Asn Glu Gly Gln tle Ala Pro Pro Ser His
210 215 220

teu fle Arg Val Giu Gly Asn Ser His Ala 8In Tyr Val Glu Asp Pro
22% 230 235 240

11e Thr Gly Arg Gin Ser ¥ai Leu Vail Pro Tyr Glu Pro Pro Gln VYaf
245 250 255

Gly Thr Glu Phe Thr Thr Val Leu Tyr Asn Phe Het Cys Asn Ser Ser
260 265 z70

Cys Val Gly Giy Wet Asn Arg Arg Pro fie Leu lle lie Yal Thr Leu
275 230 285

Giu Thr Arg Asp Gly Gln Val leu Gly Arg Arg Cys Phe Glu Ala Arg
290 296 100
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[le Gys Ala Cys Pro Gly Arg Asp Arg Lys Ala Asp Glu Asp Ser [fe
306 310 315 320

Arg tys Gin Gln Vel Ser Asp Ser
328
Arg Pra Phe Arg Gln Asn Thr His
340
Lys Arg Arg Ser Pro Asp Asp Glu
358 360
Arg Gly The Tyr Glu Met Leu Leu
37¢ 315
Het Gin Tyc Leu Pro Gim Hig Thr
385 390
Gln Gi{n Gin His %n His Leu Leu
Phe Arg Asn Gluy Leu Val Glu Pro
420
Asp Val Phe Phe Arg His Ser Lys
435 440
<2102 4
<211> 641

{2y2> PRT
<213> Human

<z2q

<221

<zzz> (1) (59) .
{2235 transactivation domain

<2
221>
2 B a2
223) DHA binding domain

{22 >

{221>

{222 (sss).. (397)

<223> oligomerization damain

<400> 4

He% Ser Gin Ser Thg Gin Thr Asn

Gln His fle TEB Asp Phe Leu Glu

1le Asp Leu Asn Phe Val Asp Glu
a5 40

Lys {le Glu [le Ser Met Asp Cys

50 85

Ser Asp Pro Met Trp Pro Gin Tyr

6% 70

Het Asp GIn Gin l;; Gin Asn Gy

Thr Asp His Ala Gla Asn Ser Yal

100

Pro Ser Ser Thr Phe Asp Ala Leu
1$ 120

Asn Thr Asp Tyr Pro Gly Pro His

Thr Lys Asn Gly
330

Giy fle Gin Net

345

teu Leu Tyr Leu

Lys ife Lys Glu
380

Asp
Thr
Pro
865

Ser

{le Glu The Tyr Arg
E3 1

Gin Lys His Leu
410

Arg Arg Glu The
425

Leu

Pro

Pro Pra &sa Arg Ser
448

Gly Phe Leu Ser
10

Gln Pro fle Cys
25

Pro Ser Glu Asp

{ie Arg Met Gla
60

Thr Asn Leu Gly
15
Ser Ser Ser Tar
90

Thr Alx Pra Ser
105

Ser Pro Ser Pro

Ser Phe Asp Val

Pra
Ser
Gly

45
Asp
Leu
Ser
Pro
Ala

128

Ser

Gly Thr Lys
338
Ser Ile Lys
350
Yal Arg Gly
Leu Glu Leu
Gla Gin Gin
400
Ser Ala Cys
415
Lys Gln Ser
434

Val Tyr Pro

Glu Val Phe
18
Yal Gin Pro
34
Ala Thr Asa
Ser Asp Leu
Leu Asn Ser
80
fro Tyr Asn ~
£
Tyr Alz Gin
110
Ile Pra Ser

Phe Gln Gin



Ser
145
Lys
Met
Lys
Glu
Leu
225
lle
Gly
Cys
Glu
{le
JArg
Arg
Lys
Arg
Het
385
Gin
Pro
Het
Asgn
Pro
465
Ser

His

Phe

130
Ser

Leu
The
Lys
tLeu
2190
ile
Thr

Tar

va

Thr
290

Cys

Lys

Pro

Arg

Glu
370

Thr Ala Lys
Tyr Cys Gin
168
Pro Pro Pro
i80
Ala Glu His
198
Ser Arg Giu
Arg val Glu
Gly Arg Gln
24§
Glu Phe Thr
260
Gly Gly Met
215
Arg Asp Giy
Ala Cys Pro
Glin Gin gal

25

Phe Arg Gin
40

Arg Ser Pra
356

Thre Tyr Glu

Gin Tyr Leu Pro

Gin
Ser
Asn
Ala
450
Met
Pro

Cys

Leu

Gln His &in
408

Ser Tyr Giy
420

Lys Leu Pro
435

Ley Thr Pro
Met Gly Thr
Thr Gln Ala

485

Thr Pro Pro
§00

Ala Arg Lett
11

Ser
150
Ile
Gin
val
Phe
Gly
230
Ser
Thr
Asn
Gln
Gly
30
Ser
Asn
Aso
Het
Gta
3ga
His
Asn
Ser
Thr
His
470
Leu

Pre

aly

135
Alz

Ala
Gly
Thr
e

Asn

val

7/15

The Trp Thr Ty
188

Lys Thr Cys Pro
170

Ale
Glu
200
Glu

Ser

Leu

val
185
Yal
Gly
His

Vai

val Leu Tyr
265

Arg Arg Pro
280

Val Leu Gly
295

Arg Asp Arg

Asp
The
Asp
Leu
378
His
Leu
Ser
Yal
Thr
455
Vet
Pro

Pro

Cys

Ser
His
Glu
360
Lteu
Thr
Leu
Ser
Ser
440
lte
Pro
Pro

Tyr

Ser
520

Thr
Gly
345
Leu
Lys
lie
Gin
Pro
425
Gin
Pro
et
fro
Pro
505

Ser

Ite Arg
Yal Lys
Gln lle
e gl

Pra Tyr
250

Asn Phe
lie Leu
Arg Arg
Lys Ala

ats

Lys Asn
336

lie Ginm
Leu Tyr
fle Lys
“

Lys Gin
410

Pro Leu
Leu Ile
Asp Gly

Ala Gly
478

Lay Ser
490

Thr Asp

Cys Leu

140
Ser

I1e
Ala
Arg
Ala
224
Tyr
Gly
Net
Ile
Cys
300
Asp
Gly
Met
Leu
Glu
a0
Tyr
The
Asn
Asn
Met
460
Asp
et

Cys

Asp

The
Gln
Net
Cys
208
Pro
Val
Pro
Cys
fle
285
Phe
Glu
Asp
The
Pro
168
Ser
Arg
Ser
Lys
Prao
44§
Gly
Het
Fro

Ser

Tyr
525

Glu Leu Lys
160

fie Lys Val

175

Pro val Tyr

180

fro Asn His

Pro Ser His

Glu Asp Pro
240

Pra Gin Vai
258

Asn Ser Ser
27q
Val Thr Leu
Glu Ala Arg
Asp Ser lie
320
Gly Thr Lys
338
Ser lle Lys
350
Yal Arg Giy
Leu Glu Lau
Gin Glu Gln
400
I{e Gln Ser
415
Net Asn Ser
430
Gin Gin Arg
Ala Asn [le
Asn Gly Leu
. 480
Ser Thr Ser
495
Ile Yal Ser
5140

Phe The Thr
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Gln Gly Leu Thr Thr tle Tyr Gin {1e Glu His Tyr Ser Met Asp Asp
530 835 540

Leu Ala Ser Leu Lys ile Pro Gtu Gin Phe Arg His Ala 1le Trp Lys
§4%5 §50 8% 560

Giy {le Leu Asp His Arg Gila Leu His Glu Phe Ser Sar Fro Ser His
&565 570 §75

leu Leu Arg gga Pro Ser Ser Ala Ser The Yal Ser Val Gly Ser Ser

y
88% 530

Glu Thr Arg Giy Glu Arg Val ite Asp Ala Yal Arg Phe Thr Leu Arg
595 600 60S

Gla Thr tie Ser Phe Pra Pro Arg Ast Glu Trpo Asn Asp Phe Asn Phe
610 615 620

Asp Uet Asp Ala Arg Arg Asn Lys Gln Gin Arg tle Lys Glu Giu Gly
625 §3C 635 640

Glu

£210> S
{2M1) 2270
<212> DNA
{2182 Human

zog
{221> CDS
{2225 (145).. (2067)

<400> §
tegttgatat caaagacagt tgaaggaaat gaattiteaa acttcaceet gigecacect €0

acagtactgec ccigaccctt acatceageg tttegtagaa acccagcetea tttctottgg 120

aaagaaagtt attaccgate caec atg {¢c cag agc aca cap aca aat gaa 1Al
Me: Ser GIn Ser Thg Gin Tht Asn Glu

tic ctc agt cca gag ett ttc cag cat atc {ge gat ttt ctg gam cag 219
Pga Leu Ser Pro Gla Vgé Phe GIn His Ile Tzrg Asp Phe Leu Glu le.r;:

cct afta tgt tca gtt cag cec att gac ttg aac ttt gtg gat gaa cca 267
Fro fle¢ Cys Ser v;(t, Gin Pro fle Asp ng Asn Phe Yal Asp Glu Pro
40

tea gaa pat get gog aca aac gag att gag att agc ate gac tet atc 316
Ser Glu Asp Gly Ala Thr Asn Lys [le Glu lle Ser Mat Asp Cys (e

45 80 §5

cgc ateg cag gac tcg gac ctg agt gac coc atg tee cca cag tac acg 363
Arg Mei G«';'& Asp Ser Asp Leu Szg Asp Pra Met Trp Prg Gln Tyr Thr
7

asc cte geg cte cte sac age atg gac cag cag att cag aac gec tec 411
Asn L%g Gly Leu Leu Asn 855 Kat Asp Gin Gln Iég Gin Asn Gly Ser

tcg tcc ace agt ccc tat asc acw gac cac gog cag aac agc gte acg 459
Sga Ser Thr Ser Pro Tg; Asn Thr Asp His %3 Gin Asn Ser Val Thr
105

gCE t©o¢ teg ¢CC tac gca cag coc agec tee acc ttc gat got cic et 507
Ala Pro Ser Pro H(ri Ala Gin Pro Ser ﬁg Thr Phe Asp Als %gg Ser

¢ca tca ¢¢¢ gec atc cce toce aac ace gac tac cca gge ceg cac agt 655
fro Ser Bro ﬂg Ile Pro Se¢ Asn gtr Asp Tyr Pra Gly sgg His Ser
@



ttc
Phe

acg
Thr

7
11

atc
e

cag
Gln

gee
Ala

cct
Pro
250

azt
Asn

cga
Arg

aag
Lys

sag
Lys
330

atc
fle

tta
Leu

atc
fie

gaa
Glu

aaa
Lys
410

gac
Asp

tat
Tyr

-168

€ce
Pro

cgc
Arg

aag

Lys A

att
jle

CAR
Gin
235

tat
Tyr

tic
Phe

tta

 Leu

CEC
Arg

&ce
Ala
315
aac
Asa
cag
Gin
tac

Tyr

aza
Lys

acg
Thr
398

gte
Yal
140

tce
Ser

ate
lie

gee
Ala

CEE
g

gece
Ala
220

tat
Tyr

Eag

ate
et

atc
ile

tgc
Cys
300

gat
Asp
get
Gly
atz
Wet

tta
Leu

[4:3.4
Glu
ise

tac
Tyr

cag acc
Gin Thr

cct cte azc

tce
Ser

act
Thy

cag
Gin

atg
et

tee
Cys
20§

cct
Pro

gta

cca
fro

fet
Cys
att
285
ttt
Phe

gaa
Glu

gat
Asp

aca
Thr

cca
Pro
368

tee
Ser

1gg
Arg

tca
Ser

aasy

tic
Phe

gaa
Gla

atc
tie

cet
Pra
190

€cc
Pro

cct
Pro

gaa
Glu

cce
Pro

aac
Asn
270

gtt
vat

gag
Glu

gat
Asp

get
Gly

{cc
Ser
350

[:4¢:4
Yal

(334
Leu

caa
Gin

ata
ite

atg

cag
Gin

cte
Leu

4%E
Lys
176
gtc
val

aac
Asn

agt
Ser

gat
Asp
cag
255

agc
Ser

act
Thr

ECC
Ala

3EC
sgr
ace
33§

atc
L]

age
Atg

gaa
Giu

cag
Gin

Cag
Gin
418

gac

[3:1°4
Gin

aag
Lys
160

gtg
Val

tac
Tyr

cat
His

cat
His

cco
Pra
240

gtt
Val

agt
Ser

cte
Leu

344
Arg
atc

ile
320

aag
Lys

aag
Lys

4
Gly

cte
Leu

cas
Gln
400

tct

tecg
Ser
145

aaa
Lys

atg
et

aaa
Lys

gag
Glu

tte
Leu
22§

ztc
1e

gee
Giy

tgt
Cys

ga’
Glu

atec
tle
305

aga
Are

cgc
Ate

aaa
Lys

cet
Arg

atg
Het
188

cag
Gln

[ 3

4€C
Ser

ctc
Leu

acc
Thye

aaa
Lys

cte
Leu
214

att
fle

aLcs
Thr

act
Thr

git
Yal

ace
Thr
290

tet
Cys

e
Lys

cCE
Pro

cga
Arg

B3E
Glu
370

cag
Gin

CAE
Gin

tct

Ser Pro Ser

a/1s5

acc BCC
The Ala

tac tge
Tyr Cys

cca cct
Peo Pro
180

egct gag
Ala Gle
145

age cgt
Ser Arg

caa gta
Arg Vai

gEa aga
Gly Arg

gag ttc
Glu Phe
260

gga gge
Gly Gly
a5

aga gat
Arg Asp

get igc
Ata Cys

cag caa
Gln Gin
ttt cpt
Phe Arg

340

aga tee
Arg Ser
35S

act tat
Thr Tyr

tac ctt
Tyr Leu

cag cac
Gla His

tca fat.

Ser Tyr
420

agc atg aac azg cig

aag
Lys

cas
Gin
165

cet
Pro

cac
His

gaa
Gly

gag
Gfu

cag
Gin
245
acE

Thr

atg
Met

BEE
Gly

cea
fro

gtt
Val
325

cag
Gin

cca
Pro

gaa
Glu

cct
Pro

cag
Gla
405

get
Gly

cot

tecg
Ser
150

att
fle

cag
Gin

gte
Val

ttc
Phe

EEE
Gly
230

aet
Ser

aca
Thr

aac
Asn

caa
Gin

g8
Gly
310

tcg
Ser

aac
Asn

gat
Asp

atg
Het

CaE
Gin
390

cace
His

aac
Asn

tct

gcc
Ala

gca
Ala

Giy

acg
Thr

aac
Asn
215

aae
Asn

Yal L

gic
Vai

cgc
Arg
gtc
285§
age
Arg

gac
Asp

aca
Thr

gat
Asp

ctg
Leu
3758

cac
His

tta
Leu

age
Ser

gteg

&CC

Thr

aig
Lys

get
Ala

gag
Giu
200

E3g
Glu

agec
Ser

cte
eu

ttg
Leu
cet
280
ctg
Leu

gac
Asp

agt
Ser

ro
-
o o

[ :£:8:3
360
tte
Leu

aca
Thr

ctt
Leu

tcc
Ser

AEC

tgg
Trp

aca
Thr
gtt
185

gt
Val

Gly

cat
His

£gta
Val

tac
Tyr
268

cca
PFro

ggc
Gly

2E€
Arg

’Ca

Thr

eet
Gly
345

ClE
Leu

aag
Lys

att
Ite

cag
Gin

cca
Pro
425

ceg

603
631
699
747
79%
843
891
939
987
1035
1083
131
1179
1227
1275
1323
1571
1419

1467
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Pro Leu Asn Lys Met Asn Ser Met Asn Lys Leu Pro Ser Val Ser Gin
430 435 440

ctt gtc aac cot cag cag cegc aac gec ctc act ect aca acc att cot 1515
Lteu lle Asn Pro Gin Cin Arg Asa Ala Leu Thr Pre Thr Thr fie Pro
445 450 455

gat gec ate gea goc mac atl coc atg atg gec acc cac atg cca atg 1563
Asp Gly :86 Gly Ala Asn lie zgg Met Mot Gly Thr 2;3 Met Pro Met

gct eea gac atg a3t gga ¢t 3ge ccc ace cag gea cle cct cce cea 1611
Ala GIy Asp Met Asn Gly Leu Ser Pro Thr Gla Ala Leu Pro Pro Pro
475 480 485

ctc tcc atg cca tcc ace foc cac UEC acd €0 ¢ca cct ccg tat cec 1659
{eu Ser Met Pro Ser Thr Ser His Cys Thr Fre Pro Pro Pro Tyr Pra
43¢ 435 &00 508

aca gat tec agc att gtc agt titc tta gcg age tte gsc tet tca tca 1707
‘Thr Asp Cys Ser é%g Val Set Phe Leu g%; Arg Leu Gly Cys gga Ser

tgt ctg gec tat ttc acg acc cag gge ote 8cc acc atc tat cag att 175§
Cys Leu Asp }yr Phe Thr The Gin 2;5 fteu Thr Thr Ife Tyr Gla lle
25 5§35

¢ag cat tac tcc ate gat gat cte gea agt ctg aaa atc cct gag caa 1803
Glu His Tys Ser Met Asp Asp gﬁg Afa Ser Leu Lys éég Pra Glu Glm
84

ttt cga cat geg atc tex aag gege atc clg gac cac cge cag ctc cac 1851
Phe ggg His Ala fle Trp E%E Gly e Leu Asp gég Arg Gin Leu His ~

gaz ttc tee tce cet tot cat ctc ctg cgg 8vec cea age agt geo tct 1899
Glu PFhie Ser Ser Pro Ser His leu Leu Arg Thr Pra Ser Ser Ala §er
570 5§78 880 585

aca gic agt gte gec tcc agt gag acc ceg get gag cgt git att gat 1947
Thr Vai Ser Val g;g Ser Ser Gtu Thr g;g Gly Glu Arg Val éﬁS Asp

get gtg cga ttc ace cte cgc cag acc atc tet tic cca ccc cga gat  199%
Ala Yal Arg ggg Thr Leu Arg GlIn Z?a {le Ser Phe Pro P;g Arg Asp
[}

gag teg aat gac ttc mac ttt g cgc cgc aat sag caza 2043
Gly Trp éiﬁ Asp Phe Asn Phe e;g Hct Asp A!a Arg Ars Asn Lys Gin

cag cgc atc 2aa gag gag gEE gag teagccteac catgigaget cttectatee 2097
Gin Arg (e Lys Glu Giu Gly Gtu
[ 11 640

ctetcctazc tgecagecce ctaaasgeac tectgettaz tcttecaaage ctteicceta 2167
goetectecoe ttoctottgt ctgattictt agggeaagge gaagtlaagag getacctett 2217
acctaacate tgacctegce tctaattctg attctgsctt taagccttea zaa 2270
{210> 6
<2112 641
<212> PRT
{212, Human
<400 &
Ket Ser GiIn Ser Th; Gin Thr Asn Glu P?g Leu Ser Pro Glu V?é fhe

1

Gin His (le Trp Asp Phe Leu Glu Gin Pro fte Cys Ser Yal Gin Pro
20 25 30



tie

Lys

Het
Thr
Pro
Asn
Ser
145
Het
Lys
Glu
Leu
225
ile
Gly
Cys
Glu
I{e
305
Arg
Arg

Lys

Arg

Asp
Ile

50
Asp
Asp
Asp
Ser
Thr
130
Ser
Leu
Thr
Lys
Leu
210
1le
Thr
Thre
Val
Thr
290
Cys
Lys
Pro

Arg

Giu
370

Leu Asn Phe Val Asp Glu
35 . 40

Glu Ille Ser Met A;g Cys

Pro Met Trp P;a Gfa Tyr

Gin GIn tle Glm Asn Gly
85

His Ala Gla Asr Ser Yal
100

Ser Thr Phe Asp Ala Leu
us 1

20

Asp Tyr Pro Gly Pro His
R 135

Thr Ala Lys Ser Ala The
150

Tyr Cys Gin
168
Pro Fra Pro
180
Ala Glu His
185
Ser Arg Glu
Arg Val Glu
Gly Arg Gin
245
Gly Phe Thr
260
Gly Gly Met
275
Arg Asp Gly
Ala Cys Pro
Gln Gln Val
325
Phe Arg Gin
340

Arg Ser Pre
355

Thr Tyr Glu

Met Gin Tyr Leu Pro
385

Gin Gin Gln His

Gin
405

Pra Ser Ser Tyr Gly
420

e
Gin
Val
Phe
it
Ser
Thr
Asn
Gin
o
Ser
Asn
Asp
Het
i

His

Asn

Ala Lys
Giy Ala

The Glu

Gl
200
Asn Glu
215
Asn Ser
vat Leu

val Leu

Arg Areg
280

Val Leu
2495

Arg Asp
Asp Ser
Thr His
Asp Glu

360
Leu Leu
3rs
His Thr

leu Leu

Ser Ser

11715

Pro Ser Glu Asp Gly
45

fte
Thr
Ser
Thr
108
Ser
Ser
Trp
Thr
Yal
18§
val
Gly
His
Yal
Tye
265

Pro

Gly

Arg
Asn
Ser
Ala
Pro
Phe
Thr
Cys
170
tie
Yal
Gln
Ala
Pra
250
Asn

tle

Arg

Arg Lys

Thr
Gly
345
Leu
Lys
{le

Gin

Pro
4245

Lys
EEL
fle
Leu
Lle
Glu
Lys
410
Pro

Het €ln Asp
6

Leu Gly Leu

75

Ser Thr Ser

Pro Ser Pro

Ser Pro Ala

12§
Asp Val Ser
140

Tyr Ser Thr
158

Pro lle Gin
Arg Ala Met
Lys Arg Cys

205

{le Alz Pro
2 -

Gin Tyr Val
23§

Tyr Glu Pro
Phe Met Cys
Leu {le (le

285

Arg Cys Phe
300

Ala Asp Glu
s

Asn Gly Asp

Gin Met Thr

Tyr Leu Pro
365

Lys Glu Ser

380

Thr Tyr Arg
395

Gln Thr Ser

Leu Asn Lys

Ala
Ser
Leu
Pra
Tyr
110
[le
Phe
Gin
e
Pro
190
Pre
Pro
Glu
fro
Asn
270
Val
Glu
Asp
Gly
Ser
350
Yal
Leu
Gin

tie

Met
430

Thr Asa
Asp Leu
Asn Ser

80
Tyr Asn
95
Ala Gln
Pro Ser
Gin Gin
Leu Lys

1690
Lys V¥al

175
Yal Tyr
Asn His
Ser His
Asp Pro
240
Gln Val
255
Ser Ser
Thr Leu
Ala Arg
Ser lle
320
Thr Lys
33s
Ite Lys
Arg Gly
Glu Leu
Gln Gin
400
Gln Ser
415

Asn Ser



Met
Asn
Pro
46§
Ser
Hisg
Phe
Gin
Ley
545

Giy

Leu

Asn
Ala
450
Met
fro
Cys
Led
Gly
530
Ala

ie

Leu

Giu Thr

Glin

Asp
625

Giu

Thr
610

Met

2100 7
a7

211
<21
<213

Lys Leu Prao
435
Ley Thr Pro
Het Gly Thr
Tar Gin Alz
485
Thr Pro Pro
500
Alz Arg Leu
515
Leu Thr Thr
Ser Leu Lys
Leu Asp His
565
Arg Thr Pro
§80
Arg Gly Glu
5856

{le Ser Phe

Asp Ala Arg

Ser Val
Thr Thr

435
His Met

470
Leu Pro
Pro Pro

Gly Cys

ile Tyr

Ser
440
e
Pra
Pro
T¥r
Ser

520
Gin

838 .

fle Pro
§50

Arg Gin
Ser Ser
Arg Val
Pro Pro

615

Arg Asn
630

DHA
Artificial Sequence

{220 o
€223 Description of Artificial Sequence:p73-F1 sense
primer

<400> 7
tacgtgeacg taasgacacg ttgctcce

<210> &

<211 29
DRA
Artifiecial Sequence

<21
<213

<220> o
223> Description of Artificial Sequence:p73-R1
antisense priaer

<400> &

tgctgracgt tgctccacgt geacgtace

210> 8
<2112 28

ézizg DNA
213> Artiflcial Sequence

Glu
Leu
Ala
ile
(1]

Arg

Lys

12715

Gin Leu lle Asn Pra Gin Gin Arg
445

Pro Asp Gly Met Giy Ala
460
Met Ala Gly Asp Met Asn
475
Pro Leu Ser Met Pro Ser
490
Pro Thr Asp Cys Ser lie
505 510
Scr Cys Leu Asp Tyr Phe
§es
1le Glu His Tyr Ser Met
540
Gin Phe Arg His Alz tle
955
His Glu Phe Ser Ser Pro
870
Ser Thr Val Ser Val Gly
§85 5490
Asp Ala VYal Arg Phe Thr
605

Asp Glu Trp Asa Asp Phe
620

Gln Gin Arg Vle Lys Glu
635

Asn
Gly
The
495
Yzi
Thr
Asp
Trp
Ser
875
Ser
teu

Asn

Glu

{le
Lou
480
Ser
Ser
Thr
Asp
Lys
560
His
Ser
Arg

Phe

Gly
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<220»
<223> Dascription of Artificial Seauence:p73F2 sense
primer

<400> ¢
tacgtatact acgacegteta cegtezagee 29

<210 10
211> 29
212> DNA
213> Artificial Sequence

<220)
£223> Description of Artificial Sequence:p73-R2
antisense priger

<400> 10 ‘
atgaactacg acgtacgacg tccacgtat 25

<2102 11

211> 30
321 Zg DNA
213, Artificial Sequence

220
223> Description of Artificial Sequence:HA-labeled
expression construct

400> 11
atgtatccat atgatgttcc agattatect 30

<z10> 12
3211) 20

212; DNA
213> Artificial Sequence

£220%
223> Description of Artificial Seauence:pSi-F1 sense
-~ primer .

{400 12
aaagaaagtt attaccgate 20

<210> 13
211> 20

212> DNA
213> Artificial Sequence

<2207
<223> Description of Artificial SeauenceipSi—Ri
aatisense primer

<400> 13
cgeetegtet gtgttatage 20

<210> 14

211> 20
3212> DNA

213> Artificial Sequence
£220)

<223) Description of Artifictal Sequence:p51—2 sense
primer

<400> 14
catggaccag cagattcaga 20



14715

10> 15

<211y 18

{212 DNA

<213> Artificial Sequence

220>
223> Description of Artificlal Seauence:p51-R2
antisense primer

<400> 15
catcacctig atctggats 18

<2103 16

<211) 20

<212> DNA

213> Artificial Sequence

£228> .
<223> Description of Actificial Sequence:pii-F3 sense
primer

<400> 16
ccacctegac gtattccact ) 20

{2100 17
211> 18
212> DNA
213> Artificial Sequence

{2207 .
<223> Descrintion of Artificial Sequence:pf1-R3
antisense primer

<400 17
tegctcataa getaccag 18

<210> 18
211> 18

212> DNA
{213> Artificial Sequence

<2203 .
<223> Description of Artificial Sequence:p§1-F4 sense
orimer

<aund> 18
catgagctga gecgteaat 18

<210 19

201> 20

<212> DNA

<218> Artificial Sequence

<220 o
£223> Descripotion of Artificial Sequence:p51-R4
antisense primer

<400> 19

tatetteate cgecticcty 20
<z210) 20

Z11> 18

212> DNA
213> Artificial Sequence

<2203 .
€223> Description of Artificial Sequence:pbl-f5 sense
primer
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<400> 20
atgaacegee gtocaatt

<210y 2%
{211 20
212> DONA
213> Artificial Sequence

{220>
{223> Description of Artificial Seguence:pS1-RS
antisense primer

<400> 21
gtgetgagea agetactgea

<evgy 22

£211> 20

<212> DNA .

{213) Artificial Sequence

{220y '
{223) Description of Artificial Sequence:pSi-F6 sense
primer

<400> 22
teaagatcan agagtecctg

ézlﬂ 23
211> 20
<212 DHA
£213> Artificial Sequence

220>
223> Description of Artificial Sequence:p51-R6
antlsense primer

<{400> 23
ctagtegctt tgtecctite

18

20

20

20
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